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ON THE EFFFXTS OF SOLUTIONS OF VARIOUS ELEC- 
TROLYTES AND NON-CONDUCTORS UPON RIGOR 
MORTIS AND HEAT RIGOR. 

By ANNE MOORE. 

IFrom tit HuU Phjishlogic/il Laboratory ef tki Univirsity of Ckkago, /IL\ 

CONTENTS. 

PagE 

A. Introduction 1 

I(. Or theeffcctsofsolulions upon the coagulation lemperature of muacic substance 2 

1. Method 2 

2- Iiiletpretatioti of curves 3 

3. Results 6 

a. The effect of non-conductors 7 

*. The effect of electrolytes 8 

C, On the effects of solutioi^s upon the time taken by muscle proteids to undergo 

coagulation at room temperature 14 

1. Metliod •- 14 

2, Results 15 

a. The effect of non-conductors 15 

b. The effect of salts 16 

c. The effect of acida and alkalies 20 

I), Nummary 23 

Introduction. 

SINCE the classic work of Kiihne connected the occurrence of 
rigor mortis with the coagulation of proteids found in muscle 
plasma, the specific proteids present there have been subjected to re- 
peated examination.' As a result of the adoption by Halliburton and 

' Halliburton, W. D.: JouraaJ of physiology: 1884, v, p. 153; 1885, vi, 
p. 300; 1887, viii, p. 133; 1888, ix, p. 229; 1894, Kv, p. 90; Stkwart and SOLL- 
MAN: Journal of physiology, 1899, xxiv, p. 427; v. FiiRTH, O. : Archiv fiir 
experimentelle Palhologie und Pharmakologie, 1895, xxxvi, p. 231 ; 1R96, xxxvii, 
p. 389; Zeitschrifl fiir physiologische Chtmie, 1900, xxxi, 3 and 4, p. 33S. 
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2 Anne Moore. 

others of the method of fractional heat precipitation, which presup- 
poses that each proteid has a deBnite coagulation temperature, the pos- 
sibility of altering the supposed specific temperatures by the addition 
of salts of different kinds and concentrations to a solution containing 
the proteids in question has received more or less attention. 

Although investigators do not agree as to the cause of coagulation,' 
it is generally accorded that the coagulation temperatures of the dif- 
ferent proteids may be modified considerably by the presence of a salt 
and by the reaction of the solution. 

The present work was undertaken at Dr. Lx)eb's suggestion and 
carried out under his direction to ascertain the effects of certain solu- 
tions upon (a) the temperature for the sudden coagulation of proteids 
in the muscle in situ, (b) the time necessary for coagulation at room 
temperature. 

On the Effects of Solutions upon the Coagulation Tf.m- 

PERATURE OF MuSCLE SuBSTANCE. 

Method. — The gastrocnemius of the frog was used throughout the 
experiments. The muscle was placed in a covered dish containing 
50 c.c. of the solution to be tested and was allowed to stand one hour 
at room temperature. It was then arranged for graphic registration 
upon the kymograph. A glass rod bent at right angles was screwed 
into the support holding the lever. The lower end of the rod drawn 
out to a fine point passed through the tendon of Achilles. The upper 
end of the muscle was attached to the short arm of the lever by means 
of a silk thread tied to a copper hook, which passed through the 
tendon covering the end of the femur. The solution was transferred 
to a beaker and arranged so that it surrounded the glass rod with it, 
attached muscle without touching the copper hook. A source of 
error pointed out by Vernon ^ was thus avoided. He found that if a 
muscle were attached by a thread which was wet by the solution 

' Hardy regards coagulation 3S an affair of physical conditions due to the sepa- 
ration of the solid particles in a colloidal solution from the liquid. The influence 
of electrolytes which cause the solid particles to increase in siie by a process of 
clumping he explains on an electrical basis. Journal of physiology, 1K99, xxiv, 
p. 158. I'auli, on the other hand, explains coagulation on a chemical basis. 
Coagulation caused by the addition of a salt he thinks due to the formation of an 
insoluble double salt by the union of the proteid and the sail molecule. Archiv fiir 
die gesammte Physiologic, 1X99, ixxviii, p. 315. 

" Vekkon, H. M., Journal of physiology, Jf<99, xxiv, p. 239. 
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Effects of Solutions of Various Electrolytes. 3 

variations in the length of the thread might easily be taken for mus- 
cular contraction. The lever magnified seven times; very small 
changes in the length of the muscle could, therefore, be delennined. 
The beaker containing the solution was immersed in a water bath 
heated by a Bunsen burner. Half an hour was allowed for the tem- 
perature to rise from 15° C. to 65° C. A thermometer was fastened 
with its bulb as near as possible to the muscle and the rise in tem- 
perature was marked by hand upon the drum, which revolved once 
during an hour. When the muscle was first attached, the lever re- 
mained stationary if an equilibrium had been produced betwe<*n ihe 
muscle and the solution, if not, slight changes in 
the level occurred, depending upon the changes 
which were being produced by the solution. 
When heat was first applied, this action of 
the lever continued until the critical tem- 
perature was reached, when it began to 
rise. 



Fluork 1. — Curve of heat rigor oblaiiiedin j", HiSO,. 

The InterpretaUon of outvM. — The point at which the lever first 
began to rise varied from 15° to 41°. At about 47° it ceased to rise, 
at least for a time. In certain solutions it did not rise beyond this 
point (Fig. i). 

As a rule, after a short interval, a second rise began about 50° and 
continued to about 65° (Figs. 2 and 3). Occasionally a third ele- 
vation ^ appeared, but it was always slight when compared with the 
other two. 

While the form of the curves is fairly constant in the same strengths 
of one solution, in differing solutions or in different strengths of the 
same solution much variation occurs. 

In some solutions the rise was at first very gradual. This is inter- 
preted as an indication of the stage described by workers on muscle 
plasma as the cloudy or opalescent stage which occurs before a defi- 

' Vrrnon, working by the Name metliod, also distinguishes three such con- 
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nite coagulum is formed.' Coagulation proper is marked by a sudden 
change in the angle of the curve. Figs. 2 and 3 serve as an illustration. 
In Fig. 3 coagulation occurs suddenly without a preliminary cloudy 
stage; in Fig. 2 the curve rises gradually, indicating a pronounced 
cloudy stage. At 33° it turns sharply, marking the occurrence of coag- 




ulation. A short time after the culminating point was reached the 
lever dropped suddenly. Strong salt solutions and solutions of acids 
and alkalies have a decidedly deleterious effect upon the tendon of 
Achittes, so that its connection with the muscle becomes impaired to 
such an extent that the two abruptly part as the temperature in- 



' Haycraft and Duc(;an, Brilish medical journal. 1890, i, 
TEND and WvcKOFF-CuMMiNS, Ccutralblatt fiir I'hysiolggie, 1 
RiNHKK and Sainsuukv, Journal of physiology, 1890, xi, p. 369 ; i 
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Effects of Soluiions of Various Electrolytes. 5 

creases. In this case the gradual rise occurred in a very weak solu- 
tion; it might be argued therefore that it indicates not opalescence, 
but merely absorption of water. This gradual rise is, however, not a 
distinguishing characteristic of weak solutions. In addition to this 
variation in the curve due to the occurrence or the suppression of 
the opalescent stage, other variations occur due chiefly to the relative 

















X 








1 


5S= 


!"~6-; 


^.^- 


.""■■--. 






--•-.., 


» 










\l 




I 






\. 






./ 




\ 






\ 

\ 










" " 


\ 


===: 


*■=.. 


S 






"~~~-4 























■■? -t -s •% -a -s 

FlGUKK 4. — PlotLed curve showing average temperature of opalescence and coagulalion 
in the various solutions. The temperature is indicated on the ordinate, the concen- 
tration on the abscissa. 

C — AC — coagu's''"" temperature of acids. 

C AI, = coagulation temperature of alkalies. 

C S = coagulation temperature of sulphates. 

C CL — coagulation temperature of chlorides. 

C N = coagulation temperature of non-conduCtOrs. 

C) S = opalescence temperature of sulphates. 

O C = opalescence temperature of chlorides. 

O ■ N = opalescence temperature of non-conductors. 

O AC = opalescence temperature of adds. 

O AL = opalescence temperature of alkalies. 

height of the two contractions and to the interval separating them. 
All gradations were present between those curves which showed only 
one elevation and those which showed two. Where two elevations 
were present, they were sometimes approximately equal, sometimes 
the second was very slight in comparison with the first, and some- 
times this relation was exactly reversed.* 

' While the relative height of the sections of the curves cannot be taken as an 
accurate expression of the quantitative relations of the coagulated substances, at the 
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According to the accepted interpj-etation, each elevation in the 
curve corresponds to the coagulation of a definite proteid. If this is 
true, the variation in the number of elevations shown by my curve* 
indicates a curious inconsistency. It is possible, however, that (i) a 
proteid may be so affected after a certain temperature is reached, that 
coagulation may be arrested for a time and then begin again, i. e., it 
may be discontinuous; (2) the coagulation temperature of the second 
proteid may be so changed by the solution that it falls within the 
temperature limits of coagulation of the first. The results of the two 
coagulations are then added to each other algebraically, but the lever 
does not show where one ends and the other begins. This is suggested 
especially by a comparison of curves which are transitional between 
Figs. I and 2, and of curves obtained with different strengths of the 
same solution. The third contraction I find to be so very irregular, 
both as regards occurrence and temperature, and to be so insignificant 
as a rule in comparison with the other two that I am inclined to 
agree with Stewart and v. Furth in believing that this contraction is 
due to the coagulation not of a third proteid but merely of a small 
remnant of uncoagulated myosinogen, and that there are only two 
proteids in muscle capable of coagulation,* In those curves which 
show only one contraction the coagulation temperature of the second 
proteid falls within the limits of the first. In those curves which show 
more than two contractions, the contraction of one or of both proteids 
has been made discontinuous. Hereafter these proteids will be re- 
ferred to as the first and second proteid, the first coagulating at the 
lower temperature. 

Reanlta. — Pauli points out that the effects of salt solutions upon the 
coagulation temperature of proteids is a function of the physico- 
chemical peculiarities of both the salt solution and the colloid. They 
are not due merely to a general relation of colloids and crystalloids. 
He bases this opinion upon the fact that solutions of different salts 



same lime the comparisan is interesling when taken in connection with the quanti- 
tative results of Stewart and v. Fiirth. Stewart finds (hat the ratio of the 
amount of par.imyosinogen 10 the amount of myosinogen present in muscles is 
2-53i while v. Fiirth finds that it is 0.3. 

' Halliburton believes he has obtained four proteids from muscle plasma, para- 
myosinogen coagulating at 47° C, myosinogen at 56", myoglobulin at 63°, muscle 
albumin at 73°, and myoalbumose not coagulablc by heat. 

Von Fiirth and Stewart think that only two proteids have been isolated with 
certainty from muscle plasma, paramyosinogen, a typical globulin coagulable at 
45''-5o'', and myosinogen, an atypical globulin coagulating at 50°-65°. 
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having the same number of molecules in a given volume, or solutions 
of those which have the same degree of dissociation, do not affect 
similarly the coagulation temperature of egg-white, while two dilutions 
of the same salt may have the same effect upon the temperature. My 
results arc in accord with this. 

Pauli finds that an increase in the concentration of a dilute solu- 
tion always causes an increase up to a certain point in the coagulation 
temperature. After the maximum point is reached the further addi- 
tion of the salt causes no change, or an immediate fall in the coagula- 
tion temperature, or a gradual fall after a stationary period. Although 
I find this to be true in many solutions, I do not find it to be uni- 
versal. In some dilute solutions, especially of acids, I found an actual 
decrease in the coagulation temperature with increasing strength; in 
other cases, the temperatures remained constant with increasing 
strength. 

In general the entire height of the curve and also the height of the 
separate sections of the curve increase as the strength is decreased. 
This is true of sugar, urea, NaCI, LiCl, NH^CI, CaCI,. MgSO,, K^SO^ 
(NH4)aS04, NH^OH, NaOH. KOH, LiOH, KHSO,, NaHSO^, tar- 
taric, trichloracetic, acetic, oxalic, valerianic, and formic acids. In the 
strongest solutions coagulation may already have begun, leaving less 
substance to coagulate on being heated, but it is more probable that 
in dilute solutions an increase in the amount of H^O present renders the 
coagulum more compact, so that it occupies less space. In certain of 
the solutions variations from this general rule occur. In "^ Ba(OH)3, 
for example, the first contraction is slight, the second very marked. 
As the strength is decreased, the first steadily increases in height as 
compared with the second. This is true also of Sr(OH)j, KOH, 
and certain strengths of Na^SO^ and Li^SO^. In a few solutions, 
e.g., HNO3, H2SO4 and HCl, a decrease in the height of the curve 
appears as the strength is decreased. In NHjCl the height of the 
curve remains the same. 

The effect of non-conductors. — IE a perfectly fresh muscle be heated 
in a moist chamber, contraction will begin gradually at 29° and will 
continue to 47°, a sharp rise of the lever occurring at 37°. Later a 
second contraction begins at 51° and continues to 65°. After a 
muscle has remained in H^O one hour at room temperature, the first 
contraction begins at 22° and continues to 46°, a sharp rise of the lever 
occurring at 32'' ; the second begins at 56° and continues to 62°. 
Considering the first contraction alone, which is all we shall attempt 
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to do in this paper, it seems that H^O distinctly lowers both the tem- 
perature of opalescence and the coagulation temperature of the first 
proteid in muscle. This is what would naturally be expected, as 
coagulation occurs so readily in HjO. Pauli, however, states that 
there is no simple relation between the coagulating power of a solu- 
tion and the change in the coagulation temperature. 

Pauli finds that urea and sugar have an effect similar to that of 
distilled water. This would naturally be true of a substance like urea 
where the molecules pass as freely in one direction as the other. The 
sugar molecule does not pass so readily, therefore somewhat different 
results might be expected. And, indeed, I find some difference in the 
action of the two substances. Glycerine and urea in all concentra- 
tions lower the temperature of opalescence. Weak solutions of dex- 
trose and cane sugar also lower it, but strong solutions of dextrose 
and cane sugar raise it. Increase in concentration causes a sudden 
increase in the temperature of opalescence in urea, dextrose, and 
sugar, while the effect of glycerine is practically unaffected by the 
strength of the solution. The temperature of coagulation is slightly 
lowered by urea, and slightly raised by glycerine, dextrose, and sugar. 
A change of concentration in the various solutions produces very little 
effect on the temperature of coagulation. 

The effect of electrolytes: Acids. — As a rule acids cause an in- 
crease in the temperature of opalescence, yj trichloracetic, ^j tartaric, 
■j^TT HCl and various strengths of HNOg lower it, however. In some 
of the acids, ^,^., valerianic, acetic, formic, HjS04, very little difference 
results from a change in concentration; in others, however, there is 
a decided variation. In most cases, increase in concentration causes 
at first a slight increase in the opalescence temperature, and later a 
decided decrease. With the exception of certain strengths of acetic, 
trichloracetic, valerianic and formic acids, the temperature of coagu- 
lation was lowered by acids. The effect of increasing concentration 
upon the temperature of coagulation varied greatly. A comparison 
of the relative effects of acids shows that the change in temperature 
produced by them is largely dependent upon ionization. The greater 
the degree of dissociation of the acid, the more the temperature is 
lowered. At a dilution of i lO, Dr. Loeb^ gives the degree of disso- 
ciation of the acids used as follows : 

' LOHB, J. : Ardiiv fiir die gesammte Physiologic, 1S97, Ixix, p. 1 ; 1S9S. Ixxi, 
P- 4S7- 
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A comparison with Table 11 shows how closely this order is followed 
in the lowering of temperature. Apparently, therefore, the H-ion is 
responsible for the lowering of temperature. Dr. Loeb found, how- 



The temperature C. of opalescence (column <i) and of 
the muscle has remained in the given solution one 


coag 
hour 


ulatt 


n (column b] after 
□m temperature. 


= i„. 


= n 


= S 


= -i 




« 


M 


« 1 * 




" 


b 







* 


Cane sugar 


40° 


40° Cane sugar 


37" 38° 


Dextrose . 


38" 


40" 


Dextrose . 


38" 


39" 


Urea . . 


2ZO 


IV 


Dextrose . 


36" 39" 


Cane sugar 


36' 


37" 


Cane sugar 


36" 


39" 








Urea . . 


26" 35" 


Urea . . 


26" 


36° 


Urea . . 


27" 


35" 


.^„.., _ 


^- 


— 


- - 






Glycerine. 


21" 

1 


38. 


Glycerine . 


21" 


38" 




a 


b 




a 


* 


"7~ 


b 


Dextrose . . 


28' 


40" 


Dextrose . . 


23" 


. 


Cane sugar . 


21" 


37" 


Cane sugar . 


22" 


40° 


Cane sugar . 


23" 


41" 


Urea . . , 


19" 


38" 


Glycerine. . 


22" 


38° 


Glycerine . . 


21" 


38" 








Urea . . . 


190 


36» 


Urea . . . 


19" 


37 










1 The sign = is used here and throughout the pa 
motic with NaCl of the given strength. 


«r 


to indicate solutions isos- 



ever, that the addition of H-ions to NaCI caused an increase in the 
taking up of water. Tliis fact taken in connection with the power of 
H3O to lower the coagulation temperature indicates that the effect 
of acids, though largely determined by the H-ion, may not be entirely 
independent of water absorption. 

Alkalies. — The temperature of opalescence was much lowered by 
the alkalies used, except in the concentrations -j^, 5, j, where it 
was raised. As the concentration is increased the temperature in- 
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creases until yj is reached, after which further increase in concen- 
tration causes a decrease in the temperature. The temperature of 
coagulation is raised by alkalies except in certain strengths of NaOH, 
KOH and Ba(OH)j. Much variation in the temperature of coagula- 
tion was caused by increase in concentration. In order to further 
test the effects of acids and alkalies, 3 c.c. of ^ NaOH and of 5 HNOg 
were added to 100 c.c. \ NaCI and the results obtained in these so- 
lutions were compared with those obtained in | NaCI. It was 
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found that in the acid solution the temperattire of both coagulation 
and opalescence was lowered ; in the alkaline solution it was raised. 
The effects of alkalies upon temperature are thus seen to be exactly 
the opposite of those of acids. The efieci of alkalies may be further 
shown by a comparison of the action of 4^^ NaOH with that of the Na 
salts used isosmotic with \ NaCI- The OH ion elevates the coagu- 
lation temperature. This result indicates that the effects of the OH 

TABLE III. 

The temperature C. of opalescence (column li) and of coagulation (column *) after the 

muscle has remained in the given solution one hour at room temperature. 
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ion are specific effects independent of the entrance of water, for the 
presence of the OH ion as well as that of the H-ion causes increased 
absorption of H3O. 

Salts. — The chlorides as a rule lower the opalescence temperature, 
except when used in a strength isosmotic with § NaCl, when the 
temperature is raised. CaCI^ is a notable exception to this. It causes 
decided elevation of the temperature of opalescence. This is some- 
what surprising as the tendency seems to be for good coagulants to 
lower the temperature. It seems to support the opinion of Pauli 
referred to above, p. 7. The difference may be due to the fact that 
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in Ca solutions little water is absorbed, while in solutions which lower 
the temperature much water is absorbed. With a few exceptions the 
temperature of coagulation is raised. The chlorides are good illustra- 
tions of Pauli's suggestion that osmosis is insufficient to account for 
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coagulation phenomena. As concentration increases, increase of the 
opalescence temperature occurs until = f is reached. Heyond this 
point, further increase in concentration causes first an increase, then 
a decrease in temperature. 

With the exception of MgSO,, in concentrations isosniotic with ^ 
and \, NaCl, the sulphates decidedly lower the opalescence tempera- 
ture. Weak solutions with the exception of CaSO^ lower also the 
coagulation temperature. Strong solutions with the exception of 
certain strengths of ICjSO^ raise it. Other Ca precipitating solutions 



,y Google 



Effects of Solutions of Various Ekcirolytes. 



13 



also lower the opalescence temperature, and with the exception of 
NaF they lower the coagulation temperature. As Ca is supposed to 
play so important a rflle in coagulation phenomena, it is interesting to 
compare these results with those obtained in CaClj. The opalescence 
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temperature is raised in CaClj, lowered in Ca precipitating solutions. 
The coagulation temperature is little affected in CaClsi in most cases 
it is lowered in Ca precipitating solutions. 

In determining the effect of external agents on heat rigor Vernon 
found that the temperature of onset of the initial heat contraction was 
lowered by hypotonic solutions and raised by hypertonic solutions. 
He thus makes the modification of the coagulation temperature of 
muscle proteids an affair of osmotic pressure. His opinion is based 
upon the use of NaCI alone. His experiments were too limited to 
allow the conclusion that osmosis is responsible for the results ob- 
tained. Undoubtedly the effects of osmosis are important. In those 
solutions in which much water is absorbed, there is a decided lower- 
ing in temperature, but in very strong solutions in which water is 
withdrawn the same results are often obtained. Osmosis therefore 
does not entirely explain the facts. In some cases the absorption of 
water seems to be a primary factor, and ionic effects secondary 
factors, merely governing the absorption of water, but the work of 
Hardy and Pauli has shown clearly the importance of electrolytes 
in coagulation phenomena. 

On the Effect of Solutions upon the Time taken by 

Muscle Proteids to undergo Coagulation at 

Room Temperature. 

Method. — The muscles were fixed in position as described above 
and left immersed in lOO c.c. of the fluid to be tested. The room 
temperature remained fairly constant at about 20° C. during the day; 
at night it was somewhat lower than this. The changes produced 
by the solutions were registered upon a drum which was turned 
by hand from time to time. The graphic representation of the 
muscular contraction was not to be depended upon as the sole test of 
coagulation, for contraction may be a specific effect of certain of the 
solutions. A heat test was therefore adopted. It is well known that 
normal muscles of the frog are thrown at once into rigor if they be 
heated to 40°, becoming white and opaque and firm to the touch. If 
a muscle is in rigor, sudden increase of the temperature to 40° causes 
no further contraction ; if it is not in rigor, contraction occurs. After 
a muscle had remained in a solution for a certain length of time the 
solution was heated to 40°. If further contraction occurred, the 
muscle was evidently not in rigor ; if no contraction occurred, there 
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were two possibilities, cither coagulation of the first proteid at least 
had taken place, and the muscle was in rigor, or the solution had pre- 
vented the occurrence of rigor. The point was determined by the 
registration on the drum and the appearance of the muscle. Very 
often no contraction occurred at 40°, but on heating to 60° decided 
contraction occurred, showing that the coagulation of the second 
proteid takes place with much difficulty at room temperature, and 
suggesting that probably the second proteid is not necessarily con- 
cerned in normal rigor. The loss of irritability was used to indicate 
when to apply heat. So long as a muscle is irritable, rigor is not 
complete. The time of completion is determined by (i) the character 
of the solution, {2) its concentration, (3) its temperature. In those 
solutions in which rigor occurred in alt concentrations it occurred 
more quickly in hypotonic and hypertonic solutions than in isosmotic 
solutions. 

Iteanlts. — The effect of non-conductors: Cane Sugar. — In strong 
solutions the muscle becomes candied, /. e., it is hard and transparent. 
No rigor can be said to be produced. In lower strengths rigor seems 
to occur. A slight contraction takes place and the muscle has the 
opaque appearance of natural rigor. In all the solutions except = l\ 
rhythmical contractions occurred lasting from twenty minutes to an 
hour. It is quite probable that the sugar contained a small amount of 
Na, but it is not likely that the contractions were due to this. An 
impure solution of cane-sugar isosmotic with % NaCI, woilld contain a 
very small amount of NaCl compared with a pure % NaCl solution. 
The contractions in the sugar solution of that strength began at once, 
while in the pure | NaCl they did not begin for an hour. These 
experiments were performed in the spring. The experiments upon 
which Dr. Loeb based his conclusions concerning rhythmical contrac- 
tions were made in the autumn. It is a well-known fact that the 
spring frogs differ in their behavior from the autumn frogs. Whether 
this difference is indicative of a chemical difference which would ac- 
count for such a phenomenon as rhythmical contractions in a non- 
conductor is yet to be determined. However this may be, it is not 
probable that the non-conductor as such is responsible for the con- 
tractions; it is more likely, as HowelP recently suggested, that the 
contractions are caused by the establishment of the necessary bal- 
anced proportion of ions as a result of a difference in the relative 
rapidity of diffusion of the dissociable ions. 

' HnWKI.L, W. H.: This journal, 1901, vi, p. l8r. 
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Dextrose. — In =f dextrose contraction began at once and increased 
gradually. While it seemed to be a better coagulant than cane-sugar, 
no marked difference such as that noted by Locke' was notidfed in its 
action. However, it was used in only two strengths. 

Urea. — In all strengths rigor occurs. The height of the curve in- 
dicates that the coagiilum is of a compact character. Remarkable 
absorption of HjO occurs in urea. Its power to produce rigor may 
therefore be due to this quality. The marked similarity in the plotted 
time curve of urea and that of calcium was interesting. Rhythmical 
contractions were noted in strengths above = §. As in the case of 
sugar, the contractions began at once instead of after an interval as 
in f NaCl. They could hardly be attributed therefore to the small 
amount of NaCI which might have been present in an impure solution- 

Glyceriiie. — In — ^ glycerine contraction began at once and con- 
tinued gradually. After twenty-two hours no effect was produced on 
heating to either 40° or 60°. The effect of— ^'^ was similar, the length 
of time, however, was increased to fifty-two hours. 

The effect of salts: NaCl. — A strong solution causes a violent 
contraction of the muscle. This is followed by partial relaxation 
and twitching. When the twitching ceases, which occurs in a few 
moments, the lever retains its level. This contraction is not rigor 
and must be distinguished from it. The muscle remains irritable for 
some time and if suddenly heated to 40° contracts further. The rigor 
contraction'may therefore be added to the first contraction algebrai- 
cally. This fact is opposed to Hermann's idea that muscular contrac- 
tion is a coagulation. The longer the muscle is left in the solution 
the less does it contract when the temperature is raised to 40° until 
finally no effect is produced by heating. By some sort of readjust- 
ment the first contraction seems to have passed over into rigor. The 
approach of rigor is not marked by further elevation of the lever, it 
may even be marked by a slight relaxation. Howell* notes a similar 
occurrence in oxalate solutions. If before rigor begins the muscle is 
changed to a weaker solution, e. g., g rapid relaxation takes place, 
(. e., the first contraction is reversed and rigor may not occur. If 
rigor has begun but is not complete, the change does not interfere 
with further contraction but the process of completion will be slow. 
Water is withdrawn by the strong solution and re-enters from the 
weak solution. This in part explains the first case. In the second 

' I.ocKK, F. S. : Centralblatt fur Phjsiologie, 1901, xiv, p. 670. 
' HowEi.L, W. H. ; Journal of physiology, |S()4, xvi, p. 476. 



„Google 



Effects of Solutions of Various Electrolytes. 17 

case, the entrance of water probably causes the formation of a more 
compact coagulum. If heat be applied some time after rigor is set, the 
Jever may drop. This is not to be taken as evidence of reversibility, 
however, for the lowering of the lever may be due to various causes, 
€. g., the giving up of water, the giving away of the tendon, or the 
solution of the clot. I have found no case of true reversibility after 
rigor is complete. Pauli hnds that reversibility may occur in early 
stages in the heat coagulation of egg-white solutions, but it is impos- 
sible in later stages. 

In weaker solutions, NaCl seems to lose the power of causing rigor. 
In \ the contraction is very slight, and solutions weaker than this 
cause no contraction except that which may take place in hypotonic 
solutions from the absorption of water. 

KCl. — In strong solutions an immediate strong contraction with 
occasional twitching occurs. This is followed by a slight relaxation 
which sometimes amounts to one half the original contraction. Contrac- 
tion then begins again and continues until rigor is complete. After 
rigor is complete relaxation again occurs. This is probably due to the 
dissolving of the coagulum. In weaker solutions the first strong con- 
traction may not take place and the vigor with which the relaxation 
and further contraction take place is reduced. In = ('5, however, the 
rigor contraction is very marked, indicating a compact coagulum. 
The muscle appears more or less transparent, not firm and opaque as 
after heat rigor. 

CaCl^. — A strong solution has at first a relaxing effect, but after a 
period varying from half an bour to one hour and a quarter, contraction 
begins, the lever reaching its maximum height in from three quarters 
to four hours. If the solution is heated immediately to 40° further 
contraction takes place, showing that rigor is not completely set. 
Half an hour afterwards heat either produces no effect or causes a 
slight relaxation. In weaker solutions, = ^, = ^, contraction is slower 
in beginning and slower in setting, but as the strength of the solution 
is further decreased, rigor takes place more quickly. 

In the case of blood and milk many authors suppose that Ca is es- 
sential to the formation of a clot. Starke asserts that no coagulation 
occurs without Ca. Hammarsten,' however, shows that coagulation 
occurs in the absence of all Ca salts precipltable by oxalates, and 
Duclaux' states that it is not proved that milk will not coagulate in 

• Hammarsten, O. ; A text-book of physiological chemistry. 
^ DucLAUX; Traits de microbiologie, 1899,11. 



,y Google 



1 8 Anne Moore. 

the absence of Ca. In the case of the muscle, Ca is possibly the most 
efficacious coagulant, but it is not essential to coagulation. Howell 
has shown this in his work on muscles treated with oxalate solutions. 

MgCLy — The effect of MgClj is relaxing. It not only does not 
cause rigor, but actually prevents it. A very slight contraction may 
take place at first. This is, however, followed by a very marked re- 
laxation. Contrary to the above statement, however, rigor seems to 
be produced in the strength =5; the first relaxation is slight, lasting 
from three quarters of an hour to one hour and a half. This is fol- 
lowed by a decided contraction, lasting from five to twelve hours. 
After this no further contraction occurs on heating to 40". Mg 
seems to have an especially deleterious effect upon the tendon. In 
strong solutions the tendon often breaks loose from the muscle on 
heating. After heat rigor has been produced in MgClj, its relaxing 
effect is still in evidence. On heating again contraction occurs. Ap- 
parently the coagulum is dissolved in MgClj and is recoagulated on 
the application of heat. This could not be repeated more than once 
on the same muscle because putrefaction occurs in a few days, 

Na^SO^. — As in the case of NaCl, strong solutions cause a 
marked initial contraction and a few rhythmical twitches. This is 
followed by relaxation lasting several hours, at the end of which con- 
traction begins. This is the true rigor contraction. Unlike NaCI, it 
is separated from the initial contraction by a relaxation. The process 
is much slower than in NaQ. In isosmotic solutions the Na content 
is nearly the same ; the difference is probably due to a difference be- 
tween the action of SO^ and CI. In solutions weaker than % rigor is 
not produced until = ^ is reached. Rigor caused in this strength is 
undoubtedly due to the absorption of HjO. 

MgSOi- — No immediate effect was produced on the muscles im- 
mersed in the solution. A gradual rise began soon, however, indicat- 
ing the approach of rigor, and the muscle assumed the usual rigor 
appearance. Rigor was noted in solutions stronger than = ". In = -^ 
it occurred as the result of water absorption. This result is in accord 
with that of Halliburton, who finds that strong and very weak solu- 
tions cause coagulation, while 5 per cent does not. According to J. R. 
Green' and .Halliburton, both NajS04 and MgSO^ when used alone 
restrain blood coagulation. Schafer," however, finds that MgSO^ is a 
very good precipitant of serum globulin. In the case of muscle, I 

• Green, J. R. : Journal of physiology, 1887, viii, p. 354. 

* SCKAFEB, E. A. : I6idi, 1B80-82, iii, p. 181. 
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find that both are effective in certain strengths. When used together 
Na3S04 and MgS04 are excellent precipitants of serum albumin. The 
difference between the action of MgCIj and MgSOj also indicates a 
difference in the action of the CI and the SO, ion. 

^ CaSO^. — CaSO^ is so insoluble that it could only be used in 
the strength ," . Coagulation begins at once and proceeds gradually. 
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Coagulation would naturally occur in this strength as the result of 
water absorption. The marked contraction, however, indicates a 
specific Ca effect. 

(^N/Z^y^SOf. . — Coagulation occurs in all the concentrations used 
except = ^ and =|. Pauli states that NH^ compounds are not good 
coagulants, but Halliburton and v. Furth have found them extremely 
effective. Rhythmical contractions are very pronounced in certain 
strengths. 

NaF. — In = I NaF immediate contraction occurs followed by a slight 
relaxation and an additional contraction. After from two hours and 
one half to four hours and one half no further contraction was pro- 
duced, even on heating to 50°. NaF precipitates Ca. It would seem 
from this result that Ca is not essential to the coagulation of muscle 
proteids. 

NajC^O^. — As is the case with NaF immediate contraction followed 
by relaxation and further contraction occurs in = ^ Na3C204. After 
five hours and one quarter no effect followed on heating to 40°. In 
one case a slight contraction occurred at the end of twenty-four hours 
on heating to 60°. Locke ^ states that muscle does not go into rigor 
after treatment with Na^CjO^. Howell* on the contrary, finds that 
oxalated muscle does go into rigor. From this he draws the conclu- 
sion that rigor is different from ordinary contraction, because contrac- 
tion requires the presence of Ca while rigor does not. 

Na^COy — In = 5 Na^COg a contraction occurs followed by relaxa- 
tion and further contraction. The effect is similar to that of NaF and 
NajCj04; but the alkali influence appears in the height of the con- 
traction, which is much more marked in this than in either of the 
other two solutions. After heating to 40° a slight relaxation is caused. 
Remarkable contraction occurs on raising the temperature to 60°. 

Effect of acids and alkalies. ~ HCI, HjSOi, HNOa, acetic, malic, 
tartaric, oxalic, valerianic, and trichloracetic acids were used in the 
strength f^. n solutions were also used of HjSO^, HNO3, and acetic 
acid. The immediate etTect of all the acids was similar. They 
caused a sudden contraction of the muscle which jerked the lever 
magnifying fifteen times, to a height of four or five inches. Irritability 
lasted a half hour or more after this. The first contraction was 
followed at first by a slight relaxation, later by a slow, steady contrac- 
tion. In HNOs, HjSO^, and trichloracetic acid, the muscle assumed 
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every appearance of rigor. The heat test was, however, in every case 
followed by further contraction in \, -^^, 5'^ HjSO, at the end of two, 
five, sixteen, forty-seven hours, in y^ HNOg. forty hours. .This result 
was somewhat puzzling. It was supposed that the -outside of the 
muscle became coagulated, preventing the rapid penetration of the 
acid, and that the contraction was due to a sudden penetration of 
the acid to the inmost fibres of the muscle. It was found, however, 
that the contraction occurred in "^ trichloracetic even after the 
muscle had been left in the solution three days. The only plausible 
explanation seemed to be that some one (or more) of the coagulated 
substances of the muscle was dissolved by the acid and was capable 
of recoagulating. And, indeed, it was found that the lever regained 
its level after a time. A muscle placed in trichloracetic acid and 
left three days was heated to 40" j the lever was raised four inches. 
The next morning it had sunk four inches. This process was 
repeated on three successive days. It was then supposed that a 
muscle thrown into heat rigor would be relaxed by acids. HNOg, 
HCI, and trichloracetic acids were used, in each of which the process 
was as described above. 

This is in accord with the experience of other observers. Hermann 
states that acids hasten rigor, but it is not complete, for myosin is dis* 
solved. Stewart, Halliburton, and others also mention the power of 
acids to dissolve myosin. 

The organic acids and HCI had a decided digesting effect upon the 
muscles. After being left in the solution for a time, the muscle 
assumed a transparent appearance and was easily macerated. In 
HNOg, HjSO,, and trichloracetic acid, however, the appearance was 
entirely different. The coagulating effect of trichloracetic acid was at 
once evident and the acid soon reached the inside, rendering the 
muscle opaque and fibrous. In HNOa and H^SO, the muscle was 
tough and resistant. 

Hammarsten states that the additions of acids and alkalies retard 
the coagulation of blood, — the opposite of what I find in the case of 
muscle proteids. Halliburton, however, shows that in any coagulable 
fluid the greater the acidity up to a certain point the earlier coagula- 
tion occurs. In the case of milk this effect is well known. A certain 
similarity between the effects of acids and alkalies is noticeable. That 
the H and OH ions should have similar action is not surprising, for 
Locb has shown that they act similarly in increasing the absorption 
of HjO and in accelerating rhythmical contractions. As in the case 
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of acids immersion in an alkali is followed by a strong contraction in 
which the lever reaches greater height than in any of the neutral salt 
solutions, except possibly CaSOf. Possibly a more compact coagulum 
is formed in acids and alkalies, or possibly, coagulation may be in- 
complete in salt solutions. Later relaxation occurs. The appearance 
of a muscle placed in an alkali is very different from its appearance 
when placed in HCl, H^SO^ or trichloracetic acid. It is more like that 
occurring in acetic acid. The muscle is more or less transparent and 
slimy. When it is heated, however, it retains its transparent quality 
and becomes decidedly elastic. It can be stretched, and will again 
resume its shape. /^ NaOH,KOH, and Sr(OH), were used. At the 
end of three hours and twenty-four hours.it was found that heating to 
40° produced no change. A strong contraction, however, occurred 
on heating to 60*^. This indicates that coagulation of the first proteid 
had occurred, but not of the second. Both in the time and the tempera- 
ture experiments the alkalies were found to exert a marked influence 
on the second proteid, the second contraction being both actually and 
comparatively much greater than in any other solution. Apparently 
some transformation occurs in this substance. This would accord 
with Starke's • idea. He believes that the dissolving and coagulating 
reactions of the globulins can only be explained on the supposition 
that the globulins exist in animal fluids only as alkali albumin com- 
pounds. The neutral salts are important in keeping them tn solution, 
because they increase the alkalinity. In accord with Starke's idea 
that the neutral salts are of importance in increasing alkalinity it 
has been found that dialysis increases the acidity of muscle extracts 
and that after coagulation acidity increases. 

A few experiments were tried in which acid and alkali in small 
quantities were added to various salts. The result was very striking 
in the case oi=n CaClj, and § NaCl. The muscles from the same 
frog were put, the one into = h CaClj, the other into 100 c.c. = n CaClj 
-1- 2 c.c. g HNOj. In the first, rigor was complete in three and 
one half hours; in the second a greater contraction occurred and at 
the end of one hour and a half no change took place on heating. 
In another experiment the muscles from a frog were put, the one into 
= « CaClj, the other into 100 c.c. = n CaClj + 2 c.c. '{ NaOH. In each 
contraction occurred almost at once. Four hours afterward the first 
contracted both at 40° and at 60°, the second did not contract at 
40", but contracted strongly at 60°, Similar results were obtained 
' Starke, J. : Zeit^chrift fiir Biologie, 1900, x, pp. 419-446. 
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with NaCl. The solutions used were 100 c.c. \ NaCl + 3 ex. 
^HNOj; 100 C.C. I NaCl + 3 c.c. | NaOH; 100 c.c. | NaCl 
+ 3 c.c. =1 cane sugar; g NaCI. In the first two solutions an im- 
mediate contraction took place. At the end of two hours and three 
quarters no change occurred on heating to 40°. At 60° the tendon of 
the muscle in the acid solution gave way ; the muscle in the alkaline 
solution contracted strongly. The muscles showed the characteristic 
acid and alkaline appearance. In the third and fourth solutions relax- 
ation occurred. After thirty hours and three quarters contraction 
took place at both 40° and 60°, 

If it has not been clearly proved that the formation of acid is respon- 
sible for both the onset and the solution of rigor as C. Schipiloff^ 
has suggested, at any rate the increased formation of acid in fatigue 
is quite sufficient to account for the earlier onset of rigor in fatigued 
animals, for acids hasten the onset of rigor at ordinary temperatures 
and also tower the heat coagulation temperature. As acids and cer- 
tain salt solutions have this efl!'ect there is no reason for adhering to 
the idea of a radical distinction between heat rigor and rigor mortis. 
They are both due in all probability to the coagulation in the muscle 
of substances corresponding to the proteids obtained from muscle 
plasma. In rigor mortis the coagulation temperature of muscle pro- 
teids has been lowered through the unwonted presence or juxtaposi- 
tion of certain salts of H,0 or of acid. Either one or both proteids 
may be involved. The difficulty with which the coagulation of the 
second protetd occurs at room temperature suggests that this sub- 
stance, either not at all or only in part, enters into the ordinary rigor 
mortis contraction. 

Summary. 

1. Stewart's and v. Furth's conclusion that two proteids exist in 
muscle capable of coagulation receives support, 

2. In general, hypotonic solutions, and other solutions in which 
much water is absorbed, lower the temperature of coagulation and 
shorten the time of completion of rigor. 

3. Acids increase the temperature of opalescence and lower the 
temperature of coagulation, the amount of lowering increasing with 
the degree of dissociation. 

^ SchipilofF, C. : Centralblatt fur die medicinischen Wissenschaften, i88z, p. 
291. 
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4. Alkalies lower the temperature of opalescence and increase the 
temperature of coagulation. In alkalies a specific influence is present 
which may find its explanation in the formation of some such alkali 
compound as Starke suggests. 

5. Rigor occurs readily in acids and alkalies at room temperature, 
but it is incomplete, for the coagulum tends to dissolve in these sub- 
stances and also to some extent in some salt solutions. The dissolu- 
tion is not a case of reversibility, for when once completely coagulated, 
the proteids of muscles do not resume their original character. 

6. The chlorides in solutions isosmotic with ^ NaCl show prac- 
tical uniformity; the temperature of opalescence is raised, that of 
coagulation is only slightly affected. In other concentrations, varia- 
tion occurs within wide limits ; with the exception of CaClj, the tem- 
perature of opalescence in them is lowered, while the temperature of 
coagulation is lowered in weak solutions, raised in strong solutions. 

7. Rigor occurs readily at room temperature in strong solutions of 
NaCi, Na,SO^. and MgSO^, in CaSO^, in all strengths of CaCI, and 
(NH^)3S0f, and in other Ca precipitating solutions. It also occurs in 
KCl, but this substance is not a good coagulant. The effect of MgCI^ 
is relaxing; rigor occurs only in =■ \ concentration. 

8. Ca precipitating solutions affect the coagulation temperature 
somewhat differently from Ca solutions. Ca, however, is not tosen- 
tial for the coagulation of muscle proteids, unless the small amount 
retained in the tissues is sufficient, for coagulation takes place in Ca 
precipitating solutions and also in non-conductors. 

9. Although the entrance of water favors coagulation and lowers 
the coagulation temperature, coagulation phenomena cannot be ex- 
plained entirely on the basis of osmosis. For after a certain concen- 
tration is reached, further increase in concentration may cause either 
increase or decrease in temperature. The nature of the ions present 
is a determining factor. 

10. Normal rigor is not comparable to ordinary muscular contrac- 
tion, for (i) heat rigor may be added algebraically to contraction ; (2) 
rigor is not reversible. 

11. Heat rigor is not essentially different from normal rigor. 
Normal rigor is probably due to the lowering of the coagulation tem- 
perature of muscle proteids caused by the unwonted presence or jux- 
taposition in the tissue of acid, of H^O, or of certain salts. 
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I. Introduction. 

■p\URING the past summer at Wood's Holl I have continued the 
-*— ' study of the action of simple solutions of inorganic salts on the 
larvse of Arenicola, and have been able to confirm and materially to 
extend the results obtained with the same organism in the previous 
summer.' I have also tested the action of such solutions on the 
larvae of Polygordius, another marine annelid of a more primitive 
type, with results essentially similar to those gained with Arenicola. 
The facts about to be presented deal chiefly with the action of solu- 
tions containing three chlorides, and with the eflects following the 
transfer of larvae from one solution to another of different composi- 
tion. In addition to solutions of inorganic salts, I have employed 
solutions of non-electrolytes (cane-sugar, glycerine), and mixtures of 
these with salt-solutions. 

The chief general problem considered is briefly as follows: what 
relation exists between the salts of the medium and the inorganic 
substances present in the living and active tissues? Do the salts 
form chemical combinations (possibly of the nature of " ion-proteid 

' R. LiLLiR: This journal, 1901, v, p. 56. 
*5 
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compounds ") ' with the proteids and in this way influence the proper- 
ties of the tissues? or is it simply that the tissues require for normal 
activity the presence of certain inorganic substances which, however, 
need not necessarily enter into such combinations but play a passive 
and purely physical part (as was formerly supposed of the sodium 
chloride of blood plasma), such as the maintenance of osmotic pres- 
sure, or the promotion of the solubility of certain constituents (e.g., 
globulins) ? 

It seems probable that the salts do in reality form such compounds, 
although concerning the chemical nature of these very little is known 
at present. Certain of the facts which I have to present, for instance 
those relating to the comparative reversibility of the changes induced 
by different salts (especially MgCl, and KCI) seem to indicate not 
only that such compounds are formed but that they possess varying 
degrees of dissociability according to the chemical nature of the com- 
bined salt. It is certain that the properties of contractile tissues 
may be made to undergo constant alterations by the use of definite 
salt solutions, and that the properties induced by one salt solu- 
tion may be replaced by other and different properties upon 
transfer to media containing other salts. If we provisionally accept 
the hypothesis that the salts form chemical combinations with the 
proteids, we are justified in assuming that a condition of chemical 
equilibrium exists between the salts in the medium and the salt- 
proteid compounds in the tissues. The nature and relative amounts 
of these compounds and, in consequence, the properties of the tissues, 
would then intimately depend upon the nature and relative amounts 
of the salts in the medium and would vary with variations in the 
composition and relative proportions of these- Such an assumption 
would be in conformity with the ascertained rules of chemical equilib- 
rium and mass-action, besides being in close accord with the actual 
results of experimental study on living tissues. 

II. General Effects of Solutions of Three Chlorides,' 
It is now a familiar and well established fact that salt solutions con- 
taining only one of the several metallic chlorides normally present in 

' Cf. LoEB, J.: This journal, 1899, in, p. 327; and Pauli, W, : Archiv fur 
die gesamtnte Physiologic, 1899, luxviii, S. 3rs. 

' The means for securing solutions of absolutely standard strength were want- 
ing at Wood's Holl at the time of most of these experiments, and ihe denominations 
) rt, etc., as used in this and the preceding paper must be regarded as only approxi- 
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the natural media of living tissues are highly injurious to the vital 
activities of such tissues. The addition of a second chloride to such 
solutions greatly diminishes the poisonous effect ; but for normal and 
long-continued activity the presence of at least three such chlorides 
(usually NaCl, KCl, and CaCl.^) has been found to be essential. This 
has been proved for the skeletal and heart muscles of vertebrates by 
Ringer,' Howell,' Greene,^ Loeb,* Lingle* and olhers, for the lymph- 
hearts of the frog by Miss Moore/ for smooth muscle by Stiles," for 
cell-division and the contraction of the swimming-bell of Medusae by 
Loeb.* My own observations on the larvas of Arenicola and Poly- 
gordius accord fully in most essential respects with the descriptions 
of these authors. It will therefore be unnecessary to reproduce in 
full the records of my experiments on solutions of three chlorides, 
and I shall merely give a summarized account of the chief facts ascer- 
tained, together with a few details respecting the action of the more 
favorable of such soliitions. 

I have already shown for Arenicola {loc. cit.) that the most favor- 
able solutions of two chlorides — NaCI -i- trace CaCl^, 90 parts 
NaCI + 10 parts MgCI^, the former of which especially favors mus- 
cular, the latter ciliary movement — are unable to preserve these 
activities for longer periods than from sixty to seventy hours. Other 
solutions of two chlorides (NaCI -f KCl, KCl -I- CaClj, MgCI^ -|- 
CaCI,. MgClj -1- KCl) are less favorable. It can be shown, however, 
(i) that addition of a favorable quantity of a third chloride to such 
solutions markedly prolongs the period during which activity con- 
tinues, and (2) that the specifically injurious effect due to the pre- 

mately exact io the chemical sense. I have ascertained that very considerable 
variations in the concentration of a particular salt solution (e.g. from | n to f » in 
the case of MgCI,) have no essential influence except in accelerating or retarding 
its specific action. It is, however, of some importance that solutions regarded as 
equimolecutar should Iw actually so, as far as possible, and this I believe to have 
been very nearly the case in the experiments recorded below. 

1 RiN'GER, S- X Various papers, especially in Journal of physiology, beginning 
1883, iv, p. 29. 

■ Howell : This journal, 1898, ii, p. 47 ; also /bid., 1901, vi, p. i8t. 

■ Greene: This journal, 1898, ii, p. 126. 

' LOEB, J.: Festschrift fiir Kick, Braunschweig, 1899, p. lol ; Archiv fiir die 
gesammte Physiologic, 1900, Ixxx, p. 329. 

* LiNCiLE, D, : This journal, 1900, iv, p. 265. 

• MooRB, Anne : This journal, 1901, v, p. 87. 
' Stiles ; This journal, 1901, v, p. 338. 

' Loeb, J. : This journal, 1900, iii, p. 383. 



„Goog[e 



28 Ralph S. Lillie. 

ponderance of a particular ion may t>e partially counteracted by the 
addition of a third ion favorable to the particular form of activity in 
question. The following will illustrate: KCl has a specifically inju- 
rious action on muscular contractility; a |» NaCt solution containing 
one part of f « KCl in twenty (95 vols. \ n NaCI + j ^ols. \ n KCl) 
completely arrests both muscular and ciliary activity within four or 
five hours. If we compare the action of this solution with that of 
two others, similar in the proportions of Na and K but containing in 
addition Ca and Mg respectively, we find the following: Solution A 
(90 NaCl + 5 KCl + 5 CaClg) enables muscular movement, and to a 
less extent ciliary movement, to continue for a period of sixty or 
seventy hours. It is, however, noticeable that the muscular contrac- 
tions in this solution and others of similar composition (see below, 
page 30) are jerky and irregular, showing plainly that the K still 
exercises an impeding influence; the presence of the Ca, however, 
renders possible the continuance of contractions although in a modi- 
fied and imperfect form. On the other hand. Solution B (90 NaCl + 
5 KCl + 5 MgClj), while decidedly more favorable than the Ca- 
containing mixture toward ciliary movement has a relatively slight 
influence in prolonging muscular movement, which is as a rule 
brought to rest within the comparatively brief space of three or four 
hours. 

Thus the addition of a small amount of Ca — whose presence, 
unless in excess, always favors muscular movement — prevents the 
injurious influence of the K' from becoming predominant; while 
the Mg-ion, which has no such specific influence on muscular move- 
ment, is relatively without effect. Its influence, however, is seen in 
the marked extension of the period during which ciliary activity 
continues. 

The examination of a large number of such solutions, presenting 
nearly all possible variations in the proportions of the constituent 
salts, has shown that a remarkably close relation exists between 
composition and physiological action. Indeed, it may be said that 
each of the above ions exercises upon the properties of the tissues 

' That the K still exercises iis specific influence remains, however, evident tn the 
abnormal character of the muscular contractions. Replacement of the K by Mg, 
which is without specifically injurious influence on muscular contractility (.see 
below, page 42), results in a solution —90 NaCl + s MgCIa + S CaClj — in which 
muscular contractility is at first completely normal (as shown by the typical helio- 
tropic swarming) and may continue actively for several days. 
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a specific influence which, though modified by the presence of other 
ions, is to a very considerable degree of an independent character. 
Thus the presence of the Na-ion is essential to continued muscular 
movement; K, on the contrary, is specifically injurious to such move- 
ment ; Mg furthers ciliary movement to a marked degree — a specific 
peculiarity which may he demonstrated in a variety of other organ- 
isms; while Ca, especially in conjunction with Na, favors muscular 
movement, and to a less degree ciliary movement as well. A curious 
specific property of Ca and one apparently peculiar to this ion is that 
of conferring u[>on various protoplasmic structures a marked adhesive 
or sticky consistency. In all solutions containing more than a small 
proportion of CaCI^ the larvae exhibit a strong tendency to cohere in 
masses or to adhere firmly to the sides of the dish — a tendency 
which is almost entirely lacking in solutions from which Ca is 
absent' 

Each constituent thus exercises a characteristic influence, peculiar 
to itself, on the properties of the tissues. Accordingly, while each 
solution of three chlorides possesses as a whole distinctive properties 
of its own, apart from the properties of any one of the component 
ions, it is always possible on closer examination to detect the specific 
action of each one of these, however modified by the presence of the 
others. An extract from my note-book giving a portion of the records 
of two solutions of related composition will illustrate this : 

Larv^c placed in solutions at 1.45-2-00 P.M., JuLV II, 1900, 
Solution I. — 60 CO. I « NaCl + 30 c.c. % n MgCI, + 10 c.c. | n KCl. July 
"i 5-*3 P- *•■ Larvse are rigid and without muscular movement. Cilia 
are active in all ; larvx are slowly swimming at bottom of vessel. No 
adhesion to walls of vessel. 9.33 p. M. As before ; cilia are still active. 

' This property appears to be widespread ; attention has been called to it by 
LOEB (This journal, 1900, iv, p. 446), who has observed it in the ova of echlno- 
derms and annelids (Chxtopterus). It iippears in fact that in segmenting ova 
the coherence of the blastomeres is largely dependent upon the calcium salts con- 
tained in the sea-water, for if such ova are introduced into Ca-free sea-water the 
blastomeres readily fall apart, a fact which has been turned to practical advantage 
by Herbst (^Cf. Archiv fur Entwicklungsmechanik, 1900, ix, p. 424), as a means of 
isolating the blastomeres of sea-urchin eggs. I may add that I have found, in 
experiments as yet unpublished, that the cells of [he ciliated epithelium of the frog's 
msophagus are readily isolated when portions of mucous membrane are transferred 
to certain Ca-free media. Isolation is prevented by the presence of a trace of 
CaClj. 
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July 12, ir.17 A. M. Larvje are rigid and somewhat shrunken, but cilia are 
still active in all. 9.18 P. M. Lan'^e are dead and shrunken. 

51)/«/w« 2. — 60 C.C. NaCl + 30 c c. CaCl, + 10 c.c. KCl. July 11, 5.23 p. M. 
Cilia have been mostly dissolved ; are slowly active where they remain. 
Jerky and irregular muscular movements are present in all. Larvfe ad- 
here strongly to sides and bottom of dish. 9.40 P. m. Cilia are dis- 
solved ; no ciliary movement ; jerky muscular movements arc present 
in all. 

July 12, 11.34 A.M. Almost all larvae are dead and shrunken; twitching 
movements persist in a few. 9.35 p. m. Larvx are dead and shrunken. 

The most noticeable difference between these two solutions — per- 
sistence of ciliary movement in i, of muscular contractility in 2 — 
depends chiefly on the characteristic difference in the respective 
physiological effects of the Mg- and Ca-ions. The retarding influence 
of the K-ion on muscular movement is evident in both, particularly 
in Solution 2, where, however, sufficient Na and Ga are present to 
sustain contractions for a period of nearly two days. Thus the re- 
spective specific actions of Mg, Ca, K, and Na are apparent in the 
above solutions. Each solution, acting as a whole, preserves the 
larvK alive for about two days- 
Proceeding on this principle, it is possible to predict with a very 
close approach to accuracy the physiological action of any given solu- 
tion containing any of the above salts in known proportions. In 
other words, the properties of the tissues in any solution depend in 
large part upon a combination or summation of the separate physio- 
logical effects of the several component ions. Such a result is in 
perfect accordance with the theory to which reference is made above, 
which regards the properties of the tissues at any given time as 
largely determined by the nature and relative proportions of the 
contained ion-proteid compounds. 

It is, however, essential for normal activity that these compounds 
should be present in definite "physiologically balanced"^ propor- 
tions, since the presence of an excess of any one ion will disturb the 
normal physiological balance and act injuriously; hence the well- 
known injurious action of pure solutions of one salt, and solutions 
containing three salts in unfavorable proportions are similarly inju- 
rious. Thus a solution of the composition 80 vols. |« NaC! -I- 15 
vols, I « MgClj -I- S vols. I n CaCij appears to contain these three 

' LoEB, J. : This journal, T900, iii, p. 445, 
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salts in nearly the best possible proportions, for it is found to be 
capable of preserving life and normal activities, together with power 
of growth and development, for very considerable periods (two to 
three weeks in favorable instances. See below, pp. 32, 37). If, how- 
ever, the relative proportions of Mg and Ca are reversed, the resulting 
solution — 80 NaCl -I- 5 MgCl^ + 1 5 CaClj — is found to be greatly 
inferior to the first in preservative properties: heliotropic swarming 
is less active and ceases relatively soon, the larva; tend to adhere 
strongly to the glass, and within three or four days at most practi- 
cally all are dead and maceration is well advanced. An excess of 
Ca and an insufHciency of Mg are plainly indicated. 

The most favorable solutions of three chlorides are those contain- 
ing the three chief chlorides of the natural medium, namely, NaCI, 
MgCI], and CaClg. As in sea-water, KaCl should greatly preponderate, 
and the amount of MgCI^ should exceed by several times that of 
CaClj, The relative proportions of the four chief chlorides of sea- 
water are approximately preserved in a solution of the following 
composition per 100 volumes : ' — 85 volumes \ n NaCl + 1 1 vols, \ n 
MgClj -F 2.2 vols. I n CaCla -I- 1.8 vols. J « KCI. Mg-atoms are thus 
approximately five times as numerous as Ca-atoms and six times as 
numerous as K-atoms. In artificial solutions of the above three 
chlorides, the most favorable ratio seems to be approximately Mg: 
Ca: : 3: i, the increased proportion of Ca apparently compensating 
for the deficiency in K. It is, however, not necessary to adhere 
strictly to this ratio, although it is indispensable that MgClj mole- 
cules should considerably outnumber CaClj molecules. 

Partial records of the following five solutions are given in illustra- 
tion. In the first four, MgClj and CaClj are in the proportion of 3 
to I, while the quantity of NaCl shows a regular decrease. In the 
last solution, the proportion of MgCl^ is increased. 

Solution I. % C.C. \ n NaCl + 3 c.c, \ n MgCI, + 1 c.c. \ n CaCI, 

Solution 2. 80cc. (nNaCl + lScc. J-iMgCI, + 5 c.c, ( h CaClj 

Solutions. 60 c.c. J « NaCl + 30 c,c ! B MgCI, + 10 c,c. I » CaClj 

Solution 4. 40 c.c. | n NaCl + 45 c.c. f n MgCl, + IS c.c. J « CaCl, 

Solution S. 40 c.c. \ n NaCl + SS c.c. J n MgCl, -f S c.c. \ n CaCl, 

July 9, rgoi, Larvse are placed in the above solutions at 4.05 p. m. Helio- 
tropic swarming immediately appears in all, but lasts for only a short period 
in Solutions 4 and 5 in which Ihe larvfe quickly collect in clumps, iiidicat- 

• Calculated from Dittmar's figures in " Challenger " Report. 



,y Google 



32 Ralph S. Lillie. 

ing an early loss of muscular contractility. At 4,30 Solutions 2 and 3 are 
decidedly the most favorable ; in these the larvse are swimming actively 
and slill largely exhibit positive heliotropism. In Solution 3, however, a 
much larger proportion than in a swim irregularly without orientation. 
The larva; in Solutions 4 and 5 are largely in dumps ; they are still capa- 
ble of swimming movements, but these are irregular and without orienta- 
tion ; the larvse are rigid and almost entirely without muscular movement. 
In Solution i the lacv^ are still active and largely heliotropic. 
Further records : — 

1. 96 NaCl + 3 MgCI, + I CaCI,. 

July 10. — 8.10 A.M. Lively muscular movement. Ciliary movement in 
most ; ciliary movements are slow, and absent in a lai^e proportion. 

July II. — 8.25 A.M. Muscular and ciliary movement are present in most; 
ciliary movements are slow, and absent in a large proportion. 

July 12. — 12.25 ^- ^- Larv£e are dead and motionless. 

2. 80 NaCI + IS MgCl, + 5 CaCl,. 

July 10. — 8. 10A.M. Active swimming movements and strong heliotropism 

in most. 
July II. — 8.30 A.M. Active and normal movements. Comparatively few 

are swimming ; of these a fair proportion are still heliotropic. 
July 18. — 8.45 A.M. Fair number living and contractile; some have 5 sets 

of setae. 

3. 60 NaCl + 30 MgCI, + 10 CaCl,. 

July 10. — 8.15 A.M. Acdve swimming movements. A few still show jwsilive 
heliotropism. Muscular movements are slight, and larvae are noticeably 
stiff. Ciliary movements are very active, and swimming is fully as rapid 
as normal though mostly unoriented. 

July 1 1. — 8.3s A. M. Ciliary activity and slow swimming movements in prac- 
tically all larvae. No heliotropism ; all exhibit muscular movements but 
these are stiff and limited. 

July 18. — 8,48 A.M. Most larvae are dead. A fair number are still hving 
and contractile although feebly so. Elongation slight ; many with 4 sels 
of setae ; a few with 5. 

4. 40 NaCl + 45 MgClj + 15 CaCI,. 

July 10. — 8.20 A. M. larvK are rigid and somewhat shrunken. Ciliary and 
slow swimming movements are present in all. Stiff muscular movements. 

July 1 1, — 8.38 A. M. Ciliary movements are present in a fair proportion of 
larvx, but wanting in many ; larvae are rigid and shrunken ; practically no 
muscular movements ; one or two stiff movements seen. 

July iS. — 8.55 A. M. All are dead and macerated. 
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5. 40 NaCl + 55 MgCl, + 5 CaCU- 
July 10. — S.25 A.M. Larv£ are rigid and shrunken; most are swimming 

slowly. Practically no muscular movement persists ; one or two feeble 

jerks are seen. 
July II. — 8.40 A.M. Slow ciliary movements persist in most; no muscular 



July 18. — 8. 58 A. M. All are dead and macerated. 

Of the above five solutions No. 2 is clearly the most favorable. 
In Solution i Mg and Ca are present in insufficient quantity, as 
shown by the comparatively early cessation of both muscular and 
ciliary movement, and the early death of the larvx. In Solution 3 
the proportion of Na has already considerably fallen below the opti- 
mum; -heliotropic response disappears at a much earlier period than 
in Solution 2 and muscular contractions soon become stiff and 
limited. In the two succeeding solutions (4 and 5), the deficiency of 
Na is still more evident; both are manifestly less favorable than 
Solution 3; the more rapid loss of muscular contractility in Solution 
5 (as compared with Solution 4) evidently follows from its relative 
deficiency in Ca-ions. In Solution 2, on the other hand, normal 
activity continues for a very considerable period ; furthermore, growth 
and development, although slower than normal, are still possible in 
■ this solution, as shown by the elongation of the trunk region and the 
appearance of new somites with settc. Growth is also possible, under 
favorable conditions, in Solution 3, and even in Solutions 4 and 5, but 
to a much less degree in these than in Solutions 2 and 3. 

In all these solutions growth is distinctly favored by the addition 
of a trace of alkali (see betow). In a parallel series, similar in com- 
position to the above and differing only in the presence in each 
solution of a trace of NaOH, a decided increase in the rate of growth 
was evident, especially in Solution 2, in which a considerable propor- 
tion of larvae were found to have reached a stage of 6 somites by 
July 17. In Solution 5, a few larvae had attained 5 somites by July 
17; and in Solutions 4 and 5 many larvae had attained a length of 
four somites by July 13, but very little further growth took place in 
the last two solutions. 

Growth and development are therefore possible in media containing 
only the above three chlorides in certain proportions. They are not 
possible, according to my observation, in even the most favorable 
solutions of two chlorides, nor in solutions in which any one of the 
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above chlorides is replaced by KCI. The addition, however, of a 
little KCI (4 c.c. |« KCI to 100 c.c. solution) to Solution i proved 
favorable and within eight days a fair proportion of larvte had attained 
a length of 4 somites, while a few showed 5 somites ; but with the 
four other solutions a similar addition of KCI effected no improve- 
ment, and indeed seemed rather detrimental than otherwise. 

A slight decrease in the osmotic pressure of the solution also ap- 
pears to favor growth and development. In a series of five solutions 
of the same composition and proportions as the above, to each of 
which had been added one third its volume of distilled water (mak- 
ing the composition 96 c.c, |« NaCl + 3 c.c. \n MgClj + I c.c, |« 
CaClg, etc.) the following was observed. Relative favorability was 
the same as above ; growth, however, was noticeably more rapid than 
in the more concentrated solutions, and was exhibited by a larger 
proportion of larvae. In Solution i, all larvae died within four days; 
but in all four of the remaining solutions growth and development 
were possible. The order of favorability was 2, 3, 4, S ; compara- 
tively few Iarv» in Solutions 4 and 5 attained a length of 5 somites; 
but in Solution 2 (the most favorable) a fair number attained 
a length of 6 somites within six days; in Solution 3 the sixth setae 
appeared in fewer larvae and were not apparent until after eight days 
had elapsed; while in Solution 4 very few larvae attained this length, 
and in Solution 5 none. 

Development is slower in all of the above solutions than in normal 
sea-water and a length of six somites is very rarely exceeded. The 
limit to the possible development in such solutions must be set by 
the available food supply, and since in pure aqueous solutions this is 
confined to the yolk contained in the organism itself, it is clear that 
development must cease when the yolk has been entirely consumed. 
It is in fact readily observable that as growth proceeds the opacity 
characteristic of earlier stages gives way to a gradually increasing 
transparency, while at the same time the yolk-laden intestine, which 
in swarming larvae fills almost the entire body cavity, gradually 
diminishes in size until finally it is reduced to the condition of a 
slender and almost transparent band widely separated from the body- 
wall. Such larvae, while active and to all appearance healthy, are 
almost perfectly transparent and as a rule exhibit no further growth. 
The observed changes indicate a progressive consumption and trans- 
location of the yolk-material, which is evidently being put to use in 
the constructive processes of development. The fact that these 
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processes can take place in a medium containing only Na-, Mg-, Ca- 
and Cl-ions is of interest in view of the statements made by Herbst 
and others that certain inorganic substances absent in the above 
solutions are necessary for development (Herbst's^ "nothwendige 
Substanzen "). It is true that the presence of such substances may 
accelerate or further development; but that their presence is a 
necessity is disproved by such bets as those cited above, as Loeb has 
already pointed out. It is of course possible to assume that the re- 
maining necessary substances are present in the body-fluids or tissues 
of the organism, although in view of the very general diffusibilily of 
such substances even this is doubtful; whatever the internal condi- 
tions may be, the fact remains that development is possible in a 
medium from which many of the substances in question are lacking. 

III. Influence op Acid and Alkali on Development. 

It has been shown that the oxidative capacity of various animal 
tissues or the extracts of these tissues is very generally increased by 
the presence of a trace of alkali and lessened by corresponding 
amounts of acid. Spitzer^ observed that the presence of a small 
amount of alkali furthered the glycolytic and other oxidative proper- 
ties of tissues; also that the oxidative action of the nucleo-proteid 
(nucleo-histon) isolated from the liver was similarly accelerated by 
alkali. The presence of a small amount of acid, on the contrary, 
retarded or prevented oxidation in both instances. Other authors 
have made similar observations' in experiments on the oxidative 
capacities of different tissues. The liberation of oxygen from solu- 
tions of hydrogen peroxide by the catalytic action of various ferments 
— pancreatic extract, malt extract, emulsin (Jacobson*) — or even of 
colloidal platinum (Bredig and v. Berncck^), an action essentially 
oxidative in nature, is also furthered by the presence of small amounts 
of alkali and hindered by acids. 

> Herbst: Archiv fiir EnCwicklungsmechanik, 1897, v, p. 649, ajid 1901, xi, 
p. 617. 

* Spitzer, W. : Archiv fiir die gesammte Physioli^e, 1895, Ix, p. 303, and 
1897, Ixvii, p. 615. 

' Cf. Abelous et BiARNfes, various papers in Archives de ph^siologie normale 
et pathologique, (5) vi-x incl., 1894-8. 

* Jacobson, J. ; Zeitschrift fijr physiologische Chemie, 1892, xvi, S. 340. 

* Bredig u. von Bekneck, Zeitschrift fiir physikalische Chemie, 1899, xxxi, 
S. 258. 



,y Google 



36 . Ralph S. Lillie. 

Schmiedeberg,* who also observed that weak alkali furthered the 
oxidations of various organic substances through the action of animal 
tissues, has attempted to show that an important connection exists 
between processes of oxidation and the synthetic formation of organic 
compounds in the living organism. For example, in the oxidation of 
benzol by the tissues to form phenol, he considers that the 0-atom 
is not directly introduced into the molecule but that the primary 
reaction is probably one of combination with an acid and an atom of 
oxygen to form an ethereal compound, thus: 

-OH 

SO,tOH)i + O + HC,Hs = so/ + H,0 

The resulting compound, in this instance phenyl-sulphuric acid, 
would yield free phenol on hydrolysis. Similarly, he assumes that in 
the living organism oxidation and compound-formation go hand in 
hand, the oxidation taking place in connection with a combination, 
probably as a rule with water-elimination. Such reactions he calls 
"synthetic oxidations." On this theory, it is clear that conditions 
favorable to oxidative processes will also favor those synthetic proc- 
esses upon which we may suppose growth and development largely 
to depend. Development should then be favored by the presence of 
small amounts of alkali and hindered by acid ; this has, in fact, been 
found to be the case by Loeb,^ who has ascertained that the develop- 
ment of Arbacia- and Fundulus-cggs is accelerated by a slight 
increase in the alkalinity of the sea-water and retarded by the addi- 
tion of a trace of acid. 

The addition of a trace of acid or alkali to sea-water was not found 
to have any appreciable influence on the rate of growth of Arenicola 
Iarva2. In artificial solutions, however (ji.g., 80 NaCl -I- 15 MgCI^ -I- 
S CaClj), growth is very perceptibly accelerated by the presence of 
alkali and retarded or prevented by acid. Only a slight increase of 
alkalinity is possible in solutions containing MgCIj since Mg(OH)j 
is almost insoluble in water i yet even this slight increase has a well 
marked influence. One characteristic effect is an immediate lique- 
faction of the cilia ; this occurs veryconstantly in all alkaline solutions, 

' SCHSiiEDKiiiiRG: Archiv fiir experimyntelle Pathologic und Pharmakologie, 
1881, xiv, p. 2S8. 

« LoEH, J.: Archiv fur Entwicklungsmechanik dtr Organismen, 1S9S, vii, 
p. C31. 
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even in alkaline sea-water; swarming is therefore at once arrested in 
such solutions. Muscular contractility, on the contrary, appears to 
be favored rather than hindered by the presence of a trace of alkali, 
and the same is more evidently true of growth and development. 
On the other hand, the presence of a trace of acid is highly injurious 
to all forms of activity ; even 0.25 c.c. "^ HCl in 100 c.c. of solution 
is fatal within a few hours. Smaller quantities while not entirely 
preventing growth retard it very considerably. 
The following records will illustrate : 

Solution used:— 80 c.c. \n NaCl + 15 c.c. %n MgCij + J c.c. %n CaClj. 

To this solution small quantities of -{'^ HCl and -f^ NaHO were added 

as below. Larvae were added to these solutions at 4.30 p. m., July 20, 

1901. 

Solutions r-4: 1 00 c.c. solution + 2, r.5, i and 0.5 c.c. /(, HCl respectively. 

Solution 5, neutral; 6, 7, and 8, with 0.5, i and 1.5 c.c. j'}, NaOH 

respectively. 

1-4. 

July 21. — 11.00 A.M. LarvK are all dead and motionless. 

5' (neutral). 
July 31. — ri.07 A. H. laxvx arc active, and many are still heliotropic. 4th 

setae are just visible in a fair proportion. 
July 21. — ir.oo A.M. Larvte are still active; 4th setie are beginning to 

appear in a large proportion. 
July 24. — 1 1-45 A. M. Lan'K are active ; largely show 5lh setie. 
July 27. — 9,45 A. M. No further elongation since 24th. 
August I. — 2.32 p, M. Many larva; are still living and active, most with 

5 seta;. 

6 (+ 0.5% ]"o NaOH). 

July 21. — II. 12 A.M. A fair proportion oflarvK show 4 setEC. 

July 23, — 11.01 A.M. Larvae have decidedly increased in length since July 

2 1st ; but are not distinctly rnore advanced than in Solution 5. 
July 24. — 1 1.50 A. M. Practically all larva: have 5 sets of setse. 
July 37. — 9.59 A. M. As on 24th. Larvae are active and elongated. 
August I. — 2.40 p. M. As in solution 5. One larva seen with 6 setje. 

7 (+ r.o% f„ NaOH), 
July 21. — II. 14 a.m. Largely with 4th scte. 

July 23. — r 1.04 A. M. 4tli setie are visible in a large proportion. 
July 24, — 1 1.55 A. M. Ail are active and normal in appearance, mostly with 5 
setae. More favorable than Solution 5 or 6. 
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July 27. — 10,02 A.M. LarvEC are more active than in solutions 5 and 6 and 
a number have acquired a 6th set of set^. A large proportion remain 
living and these arc more transparent than in Solutions 5 and 6 (indi- 
cating a greater absorption of yolk). 

August I . — 2 .45 p. M. A fair number of larva exhibit the 6th sets. Larvfe 
are transparent and intestine is reduced to a slender band. A larger pro- 
portion remain alive than in Solutions 5 and 6. 

8 (+ 1-5% r'ii NaOH). 
July 21. — 11.18 A.M. LarvE adhere closely to the glass. Cilia are lai^ely 

liquefied. 
July 22. — 1 1.07 A. M. 4 setje are present in a fair number of larvx. Less 

favorable than Solution 7. 
July 24. — 12.00 noon. Less favorable than Solution 7 ; a fair proportion of 

larvse are dead. Elongation in general is less than in Solution 7 ; larvae 

brgely show 5 setje. 
July 27. — 10.05 A. M. Elongation in general is less than in Solution 7 ; larvae 

are otherwise similar. 
August I. — Larvae are essentially as in Solution 7, — transparent, 5 and 6 sets, 

intestine reduced. Somewhat less favorable than Solution 7. 

In the presence of a mere trace of acid, larvae may live for several 
days, but growth is retarded or even altogether prevented. The 
following will illustrate: 

Solution used : 80 c.c. \n NaCl -I- 15 c.c ^n MgCI, + 5 c.c. V CaCI,. 
Larvx were added to solutions at 12.15 *- i^-i J'Jly ^9) 1901- 

Solution I (100 C.C. solution + .125 cc. -^ HCl [i%]). 

July 29, — 3.30 p. M. I,arvas are slowly swimming ; many are still lieliotropic ; 
muscular movement is slow and feeble. 

July 30. — I o. 30 A. M- Slow ciliary and muscular movements persist in most ; 
a fair number are slowly swimming. 

August I. — 10.47 A- M- Largely dead ; many are still living and contractile, 
and a few are slowly swimming; none of the living larvE show percepti- 
ble elongation. 4th setee are visible in none. 

August 4, — 2.35 p. M. Most are dead ; the few living larvje are opaque and 
have undergone no elongation. 

Solution 2 (100 c.c. solution + .0625 c.c. i^ HCl [rV%])' 
July 29. — 3,3s P.M. Larvie are swimming actively, and many are strongly 
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July 30. — 10.17 *■ "■ Many are still swimming actively; and some are 
still heliotropic. 

August r, — 10.50 A.M. Almost all are living and active; elongation is 
decidedly greater than in Solution 1 and in a. few the 4th setie have ap- 
peared. In most, however, only three sette are as yet visible. 

August 4. — 2.40 P.M. Larvas are active and show mostly 4 sette ; a few 
have 5 setie. In contrast to Solution i, many larvse have become quite 
transparent, especially those with j setie. 

Solution 3 (neutral). 
July 19. — 3.38 P.M. Larvffi exhibit active swimming movements and strong 

positive heliotropism. Decidedly more favorable than Solution 3. 
July 30. — 10.19 *■ M. Active swimming ; many are still heliotropic. 
August I. -^ 10.55 * "■ Larvse are decidedly more elongated than in Solution 

1. 4th set£e are visible in a large proportion and conspicuous in many. 
August 4. — 2-44 P. M, A large proportion are elongated and transparent. 

Solution 4 (100 C.C. solution + .5 c.c. NaOH [i%]). 

July 29. — 3-44 P- M. I^arvffi adhere to glass ; cilia are mostly dissolved. 

July 30. — 10.21 A.M. Larvse remain living and contractile. Ciliary move- 
ment is slight. 

August r. — IO-S9 a- m. Larvje are active and elongated ; elongation is 
unmistakably greater than in Solution 3 ; larvje are more transparent and 
more uniformly elongated ; the majority have 4 setK. Muscular move- 
ments are also more active than in Solution 3. 

A slight degree of alkalinity is therefore favorable to growth and 
development in the above solutions, while acidity has the reverse 
effect. It should be said, however, that in none of the artificial so- 
lutions hitherto examined is growth so rapid as in sea-water. Under 
natural conditions at normal summer temperature, larvas may grow 
from the free-swimming stage {3 setEe) to a stage of 6 setEc within 
three or four days, whereas in the most favorable of the above arti- 
ficial solutions at least six days are required. It is therefore clear 
that solutions of the above simple composition do not furnish all of 
the conditions needed for normal activity. What these further con- 
ditions are is a subject for future study. The rdle played by the 
anions has been provisionally neglected in the above experiments; 
and it is more than probable that solutions in which other anions 
than chlorine and a trace of hydroxyl are present would prove much 
more efficacious in promoting growth and development than solutions 
containing chlorides alone. 
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IV. Experiments on the Larvae of Polygordios. 

Polygordius larvae usually make their appearance at Wood's HoU 
towards the middle of June, when they are found in considerable 
numbers in the tow, especially in the early morning and evening. 
They disappear, as a rule, within a week or ten days, and it has 
therefore not proved possible to make more than a relatively limited 
number of experiments, which, however, so far as they have been 
carried, have led to results essentially identical with those described 
above for Arenicola. 

The organism presents a familiar and characteristic appearance 
with the large transparent umbrella-shaped head-region, frequently 
0.5 mm. or more in diameter, which is bordered by a double row of 
long cilia. From the head bangs down the slender cylindrical seg- 
mented body-region; this varies in length and number of somites 
according to the stage of development. The larvEe, as obtained in 
the tow, are thus not completely uniform in size, behavior, and stage 
of development (like Arenicola in the swarming stage), but show 
considerable variability in all these respects. They are heliotropic, 
though less strikingly so than Arenicola; and locomotion is effected 
by a similar combination of muscular and ciliary activity. 

Pure \n NaCl solutions are rapidly injurious to these larvae. The 
following record will illustrate : 

Solution: %n NaCI. Larvte were added to this solution at 2.45 P.M., June 
12, 1901. 

Observations : 2.45 p. m. — Ciliary movement is largely arrested and cilia 
liquefy; in some larva ciliary movement continues at 2,48, although 
enfeebled. At 2.48 a number of cilia have become detached from the edges 
of the umbrella and are vibrating freely in the iolulton ; such cilia are 
terminated by enlarged basal knob-like Ixidies. At 2.50, the larvae are 
bent and almost motionless ; the majority, however, show feeble muscular 
movements. Cilia are still active in a fair number. 3.05. Ciliary activity 
has almost entirely ceased, and cilia are for the most part dissolved. 
Most larvae show feeble miisciilar movements. Disorganization is already 
apparent ; deiacliert portions of larvK are floating freely in the solution. 
3,1 7. Muscular movement is feeble and largely absent ; cilia are almost 
entirely dissolved, but a few remain feebly active, 4.00. A fair number 
show feeble muscular movement ; ciliary movement persists in very few. 
4'5S' ^ good many show feeble muscular movements ; no ciliary move- 
ment. 8.15 p. M, Practically all larvae are dead, motionless, and macer- 
ated ; one feeble muscular twitch seen. 
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The action of the pure NaCI solution on Polygordius is thus, in 
general, the same as on Arenicola. The liquefaction of the cilia is, 
however, less prompt in Polygordius, probably on account of the 
different structure of the individual cilium, which is long and lash- 
like — rather a flagellum than a cilium — and, apparently on account 
of its more considerable dimensions and relatively smaller surface 
extent, somewhat less quickly affected by reagents. Qualitatively, 
however, the effect of the pure \ n NaCl solution is exactly as in 
Arenicola. Incidentally the interesting fact may be noted that the 
contractility of the cilium is inherent in the structure itself and in- 
dependent of its connection with the cell-body. Isolated cilia wiJi 
continue their movements for a considerable time, alternately bend- 
ing and straightening, in a variety of solutions. The enlarged knob- 
like basal termination gives each cilium when thus isolated a striking 
. superficial resemblance to a spermatozoon. 

Liquefaction of the cilia is prevented, as in Arenicola, by the 
addition of a small quantity of MgCI^. In solutions of the com- 
position 95 NaCl -I- 5 MgClj, and 80 NaCl -I- 20 MgClj ciliary 
movement continues actively for many hours. The second of these 
solutions illustrates somewhat better than the first the specific 
action of Mg in sustaining ciliary movement. On the addition of 
this solution, the larvae at once show jerky, irregular, and trembling 
muscular movements ; these last for a brief period only, and within 
fifteen minutes muscular contractions have almost entirely ceased. 
The effect on ciliary movement is peculiar; the cilia are at first 
arrested and stand out straight, motionless, and apparently rigid from 
the margin of the umbrella. Within a minute or less, slight vibra- 
tory movements reappear and gradually regain their former rate and 
amplitude. The larvx may then swim actively for several hours, 
and slow movements of the cilia may persist for thirty or forty 
hours. 

The addition of CaClj to the pure NaCl solution is much less 
favorable to ciliary movement, but decidedly prolongs the period of 
muscular activity. The addition of KCl in small quantities to \ n 
NaCl appears to preserve both muscular and ciliary movements; if 
present in larger quantity (80 NaCl + 20 KCI), K causes a complete 
loss of muscular contractility within a few minutes. 

Solutions of three chlorides have essentially the same effect on 
Polygordius as on Arenicola, With Polygordius, also, the most favor- 
able solutions proved to be mixtures of NaCI, MgClj and CaClj. Solu- 
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tions containing only 6o volumes of | NaCl (60 NaCI + 30 MgCIj + 
10 CaClj, etc.) proved injuriously deficient in Na-ions, as shown by 
the early cessation of muscular movement and the occurrence of death 
within two days or less. Solutions with 80 or 90 volumes NaCI- 
solution proved on the contrary surprisingly favorable when MgClj 
and CaCIj were present in suitable proportions. Of a series of four 
such solutions of the following composition (r) 90 NaCI + 5 MgCI, + 
S CaClj, (2) 80 NaCI + 10 MgCI^ + 10 CaClj, (3) 80 NaCI + 5 MgCl^ + 
15 CaClj. (4) 80 NaCI + 15 MgClj + 5 CaClj, Solution 4 was the 
most favorable and Solution 3 (with an excess of Ca) the least. In 
Solutions t and 2 a fair number of larvae remained living and capable 
of both muscular and ciliary movement after an interval of ten days; 
in Solution 3 all larvas were found dead after two days. In Solution 
4, however, many larvae were found swimming actively after an inter- 
val of ten days ; in a few of these the rudiments of the two tentacles 
were visible, showing that development could proceed in such a solu- 
tion. Even after sixteen days, many larvae were found still living and 
contractile in this solution, and a few remained capable of swimming 
movements. Thus the solution 80 NaCI + 15 MgCI, 4- S CaClj 
proved with Polygordius, as with- Arcnicola, the most favorable of 
the artificial combinations of three chlorides. Experiments with 
alkaline and acid solutions were not tried. 



V. Effects of Transfer from One SoLitrioN to Another 
OF Different Composition. 

The first experiment was the transfer of Arenicola larvae from 
MgClj-solutions to sea-water. As I have already described, muscular 
contractility is almost immediately lost in pure Mg-solutions, while 
ciliary movement continues actively and causes the larva; to collect 
in groups or "clumps" at the bottom of the vessel. Larvae that 
have remained for only a few minutes in ^ n MgCI^ completely re- 
cover normal activity on a return to sea-water and exhibit again the 
usual behavior (active heliotropic swarming, in-and-out movements 
of the setae, etc.). If a longer period (one hour) is allowed to elapse 
before the transfer is made, recovery is less complete ; muscular 
contractions invariably reappear in all larvae immediately after the 
transfer, but comparatively few exhibit a return of heliotropic swarm- 
ing, though many show irregular and unorienled swimming motions. 
After a still longer stay in | n MgCIj (two to six hours), muscular con- 
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tractility is only imperfectly restored by sea-water, and the resulting 
movements are stiB and limited. Nevertheless, even after sixteen hours 
in the Mg-solution — treatment that produces marked shrinkage 
and a partial loss of ciliary movement — muscular contraction, though 
limited, will still reappear in practically all larvae on addition of sea- 
water. Longer immersion induces a rigidity from which recovery is 
impossible. 

With pure CaClj solutions recovery is less complete than with 
MgCla. Sea-water will produce reappearance of heliotropism after a 
few minutes in f » CaClj, but the stickiness (among other changes) 
induced by the solution seems unfavorable to complete recovery. 
Pure CaCI, also acts more rapidly than MgCl, in producing a general 
disorganization from which recovery is impossible. Nevertheless 
larvEe that have been subjected to its action for twelve to fourteen 
hours — after which interval they are shrunken and badly disor- 
ganized — will in some instances show feeble muscular twitches on 
transfer to sea-water. 

KCI exhibits special peculiarities of action which will be considered 
more in detail below. 

The restorative action of sea-water on muscular movement depends 
chiefly on the contained Na-ions, which by its action are restored to 
the tissues. I have performed a large number of experiments on 
transfer and re-transfer between pure solutions of MgClj and NaCI. 
The method of procedure in such experiments is as follows. Larva; 
are treated in watch-glasses with pure f » MgClj; after muscular 
contractions have entirely ceased the MgClj is drawn off and | n NaCl 
is substituted. Muscular contractions are always found promptly to 
reappear; but heliotropic swarming does not return, as in sea-water, 
since pure NaCl-solution is injurious to ciliary movement. On re- 
transference to MgClj muscular contractions at once cease, while ciliary 
movements are revived. This process of transfer and re-transfer may 
be continued with the same larvx for hours at a time, and at each 
change of solution the changes described appear with striking regu- 
larity. A partial record of one series of experiments is given for 
illustration: 

June 24, 1901. — ^10.54 A.M. LarviE are placed in %n MgCla ; they imme- 
diately become rigid and collect in clumps at the bottom of the watch- 
glass. 

10.58. s, S« MgCl, is replaced by |« NaCI. Immediale reappear- 
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ance of mtiscular movements. Active squirming appears. Ciliary move- 
ments are checked. 

II. oi, MgClj. Immediate cessation of muscular movements. 

ir.03. 5, NaCi. Muscular movements reappear. 

11.05. S' MgClj. Muscular movements are arrested. Partial revival 
of ciliary movements. 

1 1.08, NaCl. Revival of muscular contractions. 

11.11.5, MgClj. Immediate stiffening of la^^■Ee. Partial revival of 

11.14, NaCl. The revival of muscular movement is somewhat more 
gradual than before. At i i.zo larvas show active squirming movements ; 
ciliary movement is mostly feeble and largely absent. 

11.22, MgCl,. Larvae immediately become rigid. Gradual revival of 
ciliary movement is observed in a good many larvte. 

11.27, NaCl. Revival of muscular movements. These are most active 
within one minute after the addition of NaCl ; at 1 1.30 they are notice- 
ably stiffen 1 1 ■33. Ciliary movements are feeble and have ceased in 
many larvae. 

ii-3S'S) MgCI). Instant stiffening appears. Distinct revival of ciliary 
movement is seen in many; rapid trembling movements appear imme- 
diately after the addition of MgCl^ ; these movements continue until the 
addition of NaCi, when they become slow and sluggish. 

1 1 .45, NaCl. Return of muscular movement as before. Ciliary move- 
ment becomes sluggish. 

It is unnecessary to continue this record. The transfer back and 
forth from solution to solution was continued throughout the after- 
noon ; at 5.25 P.M., the addition of NaCl still produced marked 
muscular contractions. By this time the larvfe had been transferred 
back and forth twelve times (24 single transfers); the experiment 
was then discontinued. At each transfer the described change takes 
place almost with the certitude and invariability of a simple chemical 
reaction. This statement applies more especially to muscular move- 
ment; ciliary movement does not so readily withstand repeated 
change of solution. This latter peculiarity, however, becomes intelli- 
gible on considering the destructive influence of pure NaCl-solutions 
on cilia ; it is clear that after the process of liquefaction has pro- 
ceeded to a certain limit the mere addition of MgCI^ cannot restore 
all of the conditions requisite for activity. For this something more 
is needed than a certain state of physical consistency, which is appar- 
ently all that the action of MgClj can confer. In the experiment de- 
scribed above, ciliary movement was not perceptible after 12.31 p. m. 
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In the case of the cilia the change in physical consistency follow- 
ing transfer is indicated by definite alterations in the character of the 
movement, especially after this has become considerably weakened. 
In MgClj-solutions the cilia show rapid trembling or vibrating move- 
ments, indicating acertain stiffness in the individual cilium ; in NaCl- 
soJutions, on the contrary, the movement is sluggish and wavy, and 
the cilia are plainly of a much more flexible consistency. Under the 
conditions of the above experiments, complete liquefaction does not 
as a rule follow transfer to ^« NaCl since the removal of the MgCl, 
is necessarily incomplete. 

In the case of muscular movement, repeated transfer is less inju- 
rious. With each successive transfer to NaCl, however, it is in 
general observable that the contractions become less energetic until 
finally their reappearance is very slight; eventually they entirely fail 
to appear. Shortly before this final stage is reached, it is noticeable 
that contractions occur only for a brief period during the first minute 
after transfer, after which time all the larvae again become rigid and 
remain so. This appears to indicate that during the progressive re- 
placement of Mg-ions in the muscle by Na-ions, contractions are 
possible only while the two ions are present in the most favorable 
proportions. Eventually, the action of the pure NaCl solution results 
in an excess of Na-ions which render contraction impossible. 

Similar experiments have been performed with solutions of CaClj 
and have led to essentially similar results, with the exception that 
ciliary movement is more quickly arrested than in MgCl2-solutions. 
In pure CaClj-solutions, muscular movement continues longer than 
in pure MgClj-solutions ; once arrested, however, a transfer to NaCl 
produces an immediate revival precisely as with MgCI^. On one 
occasion the transfer back and forth between CaCi^ and NaCl was 
made seven times (15 changes of solution) within two and one half 
hours. In each instance a revival of contractions took place on 
addition of NaCl, even in larvae which at the end showed marked 
shrinkage and general disorganization. 

The reappearance of muscular contractions on transfer to sea-water 
or NaCl-solution after even prolonged action of MgCl^ or CaClj. 
takes place promptly and without a delay of more than a few seconds. 
On the other hand, after the action of KCI- solutions, the revival of 
contractions is incomplete and appears only after the lapse of a certain 
interval whose duration is often considerable and bears a direct propor- 
tion to the previous time of action of the KCI. 
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. The following record will illustrate : 

June 37, 1901. Larva are transfeired to |« KCl at 2.30 p.m. Initial con- 
traction, clumping, etc., appear as usual. Larvx are completely rigid 
within one minute or less. 

2.36. A portion of larvjc are transferred to sea-water. Contractions 
slowly reappear ; at 2.37 they first become evident ; at 3.40 all larvae show 
somewhat stiff muscular contractions ; ciliary movement is slow. 



3.49.5. Larvje in original KCl, are rigid and actively swimming. Sea- 
water is added at 3.49, 5 ; a marked checking of ciliary movements results ; 
larvje sink to bottom and cease swimming. 2.53. Larvas are still rigid 
and motionless; cilia are partly dissolved, a. 56. Larvae are nearly all 
rigid ; one or two feeble twitches are seen. 3.59. A few feeble twitches 
and movements of set* are seen. 3.01. Most show twitches and feeble 
movements of set*. 3.08. Well defined contractions are present in all, 
though stiff and limited. 



3.14. Ciliary movement in original KCl is slower than at 3.49, but is 
still active. Sea-water is added at 3.14. At 5.21 (he larv* are rigid and 
motionless ; cilia are largely dissolved, but the ventral band is active in 
most. 3.25. Muscular twitches are beginning to appear in a few ; most 
larvffi are still motionless. 3.38. A fair number of larvte show twitches. 
3.48. All show well defined muscular contractions, though somewhat 
limited. 4.04. Active contractions in all. 



4.15. Ciliary action in original KCl is much enfeebled and largely 
wanting. Sea-water is added at 4.15.5, 4.40. AUIarvce are still motion- 
less and without muscular movement. Ventral band of cilia is feebly 
active in a few. At 4.50 iwitchesare beginning to appear. 4.55. Almost 
all larvae show feeble contractions. 5.05. Well-marked contractions in 
all. 7.00 P. M. Well-marked contractions in all. 

S- 
7.03 p. M. Larvfe in original KCl are motionless ; no ciliary movement. 
At 7.03 sea-water is added. 8.20 ; larvae are beginning to show muscular 
twitches. 8.35, Most show slight but well-marked twitches. 9,05. 
Well-marked contractions are present in practically all ; contractions are 
jerky and appear at intervals. 
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June 28. — 6.55 A.M. Larvie in original KCl are apparently dead; all are 
motionless and somewhat swollen. At 6.57 a.m. sea-water is added. 
8.5s A.M. All are still motionless. At 9.00 a.m., one or two feeble 
contractions are noticed. 9-15. Contractions are better marked; a fair 
number of larvte show feeble contractions, 9.40. A large proportion of 
larvje show feeble contractions at intervals. 



On tabulating the results of the above experiments, the following 
appears : 

Time of Action of Interval after which contrae- 

KC|.dolution. tions appeal on return 

1. 6 minutes . About 1 minute. 

2. 20 minutes From 6 to 9 minutes. 

3. 44 minutes From 11 to 24 minutes. 

4. 105 minutes About 35 minutes. 

5. 270 minutes About 70 minutes. 

6. 16 hours About 120 minutes. 

Similar results appear on transferring alternately from KCl to sea- 
water and back. This change can be made several times in succession, 
but at each successive transfer from KCl to sea-water the interval 
that elapses before the contractions reappear is measurably greater 
than before. In one experiment with four such transfers, the respec- 
tive intervals were 3, 10, 12 and 19 minutes. 

What is the explanation of this difference of behavior between 
KCl on the one hand and MgClj and CaCIj on the other.' Muscular 
contractions reappear immediately on transfer from solutions of the 
last two salts to a favorable salt solution, whereas in the case of KCl 
a considerable time must elapse before they appear. Is it not prob- 
able that this peculiarity of K-salts is to be brought into relation 
with their specifically injurious influence on muscular contractility ? 
If we assume that the K-ion forms with the proteids of the muscle- 
fibre compounds that are dissociable only slowly and with difficulty, 
the phenomena become somewhat more intelligible. In that case 
we may infer that a prolonged exposure to the action of KCl 
results in the formation of such compounds in correspondingly 
large quantity, so that an equivalent time is required for their re- 
placement by the Na- and Ca-compounds necessary for contrac- 
tility. The presence of even small quantities of the K<ompounds 
seems sufficient to hinder contractility. This is in accordance with 
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the fact that no immediate result appear5 on return to sea-water 
after two or three hours in KCI. It is only after remaining per- 
fectly motionless for at least half an hour that a few larvas begin to 
show slight muscular twitches; soon after this first indication of 
revival, however, such movements appear in a large number and 
gradually become well defined in all. It is of interest to note that 
these contractions appear almost simultaneously in all larvae, so that 
on the appearance of the first twitches in a few individuals it may 
be confidently expected that in a short time all the others will exhibit 
well marked movements. 

The Mg- and Ca-compounds, on the contrary, seem readily dis- 
sociable. Neither of these ions is specifically injurious to muscular 
contractility; each acts injuriously only when present in such excess 
as to interfere with the presence of the proper proportions of the 
other necessary ions (see above). The question, then, may be put 
thus: Why should the presence of a substance (K) that has a ten- 
dency to form difficultly dissociable compounds with the proteids of 
the contractile elements tend to deprive muscular tissue of the power 
of contractility? It is clear that a tissue whose efficiency depends 
upon the labile condition of its constituents is likely to be injuriously 
affected by such a substance, it may reasonably be assumed that 
muscle is such a tissue. Its well-known susceptibility to changes in the 
composition and proportions of its inorganic constituents suggests that 
its activity may depend, to a very considerable degree, upon changes 
in the relative proportions of its ion-proteid compounds. The ap- 
pearance of rhythmical contractions in skeletal muscle under the 
action of pure NaCl solutions ' shows that a change in the relative 
proportion of ions will in itself act as a stimulus to contraction. So 
also, the well-known fact that an increase in the proportion of the 
calcium salts will act as a stimulus to a heart which has come to rest 
in a Ringer's solution (Howell,^ Greene,* Walden*). The presence 
of K, by forming difficultly dissociable compounds, will tend to limit 
such changes, and hence to retard or limit the activity of the asso- 
ciated contractions. 

In this manner it may be possible to explain certain characteristic 
physiological properties of the salts of this element. The KCI of the 
blood has for some time been regarded as influential in causing relax- 

' LoEB, J. : Festsclirift fiir Fick, Braunschweig, 1899, p. 101. 
^ Howell : Loc. cit. ' Greene : Loc. cit. 

* Walden : This journal, 1899, iii, p. [33. 
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ation of the heart-muscle and in neutralizing the stimulating action 
of the Ca-salts (Howell). The above suggestions, although as yet 
perhaps insufficiently supported by facts, may help to explain this 
action among other characteristic peculiarities of potassium salts. 
Thus the action of the K-ion on nerve seems strikingly similar 
to its action on muscle icf. Mathews '}, K-salts having a marked 
effect (more marked than Mg-, Ca-, Sr-, or Ba-salts) in lowering 
conductivity* This fact, together with those given above, throws 
much light on the general pharmacological action of K-compounds. 
As is well known, these are poisonous when administered in large 
amounts, the characteristic symptoms being depression of the central 
nervous system and of the heart,^ combined with great muscular 
weakness and apathy {ef. Cushny*). A moderate lowering of ner- 
vous and muscular irritability is produced by smaller doses, hence 
the familiar use of these compounds, especially K6r, as sedatives. It 
seems probable from the above experiments that these effects depend 
ultimately upon the production of diflicultly dissociable and therefore 
non-reactive salt-proteid compounds within the living tissues. 

Pure \n NaCl is much less effective than sea-water in renewing 
contractions in KCl-Iarvae. Even after a stay of fifteen minutes or 
even less in KCl-solution, transfer to NaCl produces at best merely a 
momentary and incomplete recovery. Mixtures of NaCl and CaCl,, 
however, effect a partial recovery. The following record will illus- 
trate these statements : 

Larvx are added to j| n KG! at 10.40 a. m., June 38, 1901. At 2.31 p. m. 
KCl is replaced in dish " A " by sea-water and in " B " by | « NaCl. At 

' Mathews: Journal of the Boston Society of Medical Sciences, 1901, v. 
P- 349- 

' Conductivity thus last may be restored by the action of NaCl, which thus 
seems essential to the maintenance of nervous as well as of muscular irritability. 
It is noteworthy that muscle and nerve, although widely different in physiological 
r6ie, are alike in this one characteristic, — that their activity is by its very nature 
iHtermilUnI and called forth by slight changes in the surroundings (stimuli). The 
prime characteristic of each is irritability, for which an especially labile condition 
of the protoplasm is indispensable. Hence K is specifically injurious to muscle 
and nerve, whereas processes that are essentially continuous and uninterrupted in 
their activity, as cell-division and ciliary motion, do not seem to be injuriously 
affected by its action. 

' Cf. BoTTAzzi: Archives de physiologie normale et pathologique, 1896, (5) 
viii, p. 382. 

* Cushny : A text-book of pharmacology and tberapeutica. Second edition, 
1901, p. 48[. 
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2.41 KCl is replaced in "C" by a mixture of 13 vols. \n NaCI -|- 3 
vols. |« CaCI,. 
In " A " twitches begin at 3>io, and at 3.35 most larvae show well-defined 
contractions. In " B '* no movements appear. In " C " twitches begin 
at 3.33 and are well defined at 3-40. 

The NaCl and CaCl, may be added separately and in either order. 

As instances the following are given: 

June 39.-- 10.43 A. M. }n KCl is added to krvse. In 20 minutes (11.03) 
KCl is replaced by J n NaCI. No immediate result ; larvae remain motion- 
less at 11.06. At 11.07 NaCI is withdrawn and \n CaClj is added. 
Immediate contractions appear momentarily in all larva:. 

As an eiample of the reverse experiment, the following is a typical 

instance. 

LarvEB are placed in KCl at 11.45-5 A-M., June 18, 1901. At i3.o6 P. m. KCl 
is replaced by | n CaCli in a portion of the larvEe (A). No contractions 
are seen. At ia.i» the CaCl, is replaced by NaCI, At the same time, 
as a control, KCl is replaced in a part of the original larvce (B) directly 
by NaCI. 

At 13. 14.5 welt-marked contractions appear in A while the larvx in B are still 
rigid and motionless. 

12.35. A. Well-marked contractions in all, 
B. Entirely without movement. 

Both of the above experiments were repeated a number of times 
with varying times of exposure to the action of the different salts, and 
with results identical with those above set down. Very generally, 
however, momentary contractions appear immediately after the trans- 
fer from KCl to CaC!,, It appears, therefore, that for resumption 
of contractions after prolonged action of KCl, the presence of both 
Na- and Ca-ions is necessary. If the previous action of CaClj has 
supplied the necessary Ca-ions, the addition of NaCt will call forth 
immediate contractions ; similarly if Ca is added after previous action 
of NaCI, But in the latter instance the contractions are only mo- 
mentary, since the action of the pure CaClj quickly results in an in- 
jurious excess of Ca-ions, rendering further contraction impossible. 

VI. The Action of Solutions of Non-Electrolvtes and 

OP Mixtures of these with Salt-Solutions. 

From the above experiments on the effects of transfer, it is clear 

that the ions present at any time in the tissues may be readily re- 
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placed by others according to the nature of the medium in which the 
tissues are immersed. This fact plainly supports the view that the 
relation between the medium and the tissues is one of chemical 
equilibrium between the salts in the one and the ion-proteid com- 
pounds in the other. If this is true, the endeavor to establish equi- 
librium in a medium free from electrolytes should lead to a continued 
diffusion of ions outward from the tissues, and hence to an eventual 
loss of the active properties of these. If, however, a certain propor- 
tion of an isotonic salt-solution be added to the non- electrolyte solu- 
tion, the tissues should tend less rapidly to lose the properties that 
depend upon the presence of this particular salt, since, when equi- 
librium is established, the corresponding ion-proteid compound will 
still remain present to a greater or less degree. It should also be 
found that restoration of the proper saline constituents to the medium 
within a reasonable time after the loss of the characteristic activities 
in a non-electrolyte solution will be followed by a return of these 
activities. All of these expectations are very accurately realized by 
the results of actual experiment. 

Pure I rt glycerine and cane-sugar solutions (approximately iso- 
tonic with |« NaCl, etc.), were first used, followed by mixtures of 
these with solutions of a single salt, as follows: 

1. Pure \ n glycerine. 

2. 80 vols, i n glycerine + 20 vols. } ii NaCI. 

3. SO vols, i n glycerine + SO voli. j n NaCl. 

4. 20 vols, \ H glycerine + 80 vols. \ n NaCl. 

5. Pure \ n NaCl. 

6-9 inclusive. Like 2 to S with \ n KCI instead of NaCl. 
10-13, inclusive. Glycerine and | n MgCl, as above. 
14-17, inclusive. Glycerine and ( n CaCl, as above. 

The second series was in all respects similar to the first except 

that \ n cane-sugar was used in place of glycerine. 

In pure solutions of sugar and glycerine there is seen a gradual 

loss of both ciliary and muscular contractility. The following record 

will illustrate : 

July 5, 1901 — 1 1.08 A, M. Larvse are transferred to J « cane-sugar solution. 
Muscular movements are at once perceptibly checked ; so are ciliary move- 
ments, though less markedly than muscular movements. 11.13. Most 
larvs show slow muscular and ciliary movements ; a tendency to collect in 
clumps is also observable. 11. aa. Feeble muscular and ciliary move- 
ments are still present in most. 11.34' LarviE are rigid, and show only 
slight contraciions ; slow swimming movements continue in a fair number. 
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I3.03. Larva: are rigid and without muscular movement: shrinkage is 
well marked. Slow ciliary movements continue, i.az. Larvx are rigid 
and shrunken ; slow ciliary movements continue in many. 

Ciliary movement is thus retained longer than muscular movement 
in pure sugar-solutions. The action of pure glycerine solutions is 
essentially similar; glycerine, however, has in itself a specifically 
injurious influence, and in its solutions all activities cease sooner 
than in the corresponding sugar-solutions. 

It is unnecessary to give complete records o£ the action of the vari- 
ous combinations of salt and non-electrolyte, since the effect of such 
solutions is almost identical with that of the pure salt-solutions in 
various grades of dilution. In general, dilution of a pure salt-solution 
with an isotonic sugar-solution markedly diminishes the injurious 
action characteristic of the pure salt. Thus while in pure |-» NaCl 
muscular movements entirely cease within three or four hours, in the 
sugar-mixtures contractions continue for a period whose length is 
within certain limits inversely proportional to the concentration of 
the NaCl, Thus in Solutions 2 and 3 above, contractions were found 
after almost ten hours, long after they had ceased in Solutions 4 and 5. 
Similarly, of the four Na-containing solutions ciliary movement con- 
tinued longest in Solutions 2 and 3, while in Solutions 4 and 5 the 
characteristic liquefaction induced by pure NaCl appeared early (sooner 
in Solution 5) and destroyed activity. 

With mixtures of KCl and sugar, the peculiar action of K becomes 
immediately evident, as seen in the rapid cessation of muscular move- 
ment. Ciliary movement, however, continues unchecked in such 
solutions for a considerable space of time, longest in Solutions 6 and 
7 (longer in 6 than in 7) where it may continue for so long as 
eighteen hours, and ceasing relatively soon in Solutions 8 and 9. 

The Mg-mixtures also exhibit essentially similar conditions. Cil- 
iary movement remains active longest in Solutions 10 and n. These 
solutions seem at first even to have a stimulating influence; when 
first added the larvas exhibit excessively active ciliary movement and 
rapid heliotropic swarming ; heliotropism ceases within a few seconds, 
however (sooner in Solution 11 than in 10), and muscular contrac- 
tility is quickly lost. Solutions 12 and 13, with a higher concentra- 
tion of Mg, arrest muscular contractions more quickly, as indicated 
by the non-appearance of heliotropic swarming. Ciliary movement 
is long -con tinned in all these solutions: in one instance it continued 
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in all four for a period of eighteen hours — a fact which strikingly 
illustrates the specific influence of Mg on this form of activity. 

In the mixtures of sugar and CaCI, heliotropism also appears in the 
first two solutions but not in the last two. Muscular movement, on 
the other hand, although limited, continues much longer than in the 
KCl- and Mg-mixtures, while ciliary movement ceases relatively soon. 

Mixtures of «-cane-sugar solution and sea-water yield analogous 
results. The following five solutions were tried on larvae of a more 
advanced stage than the above (mostly of six somites) : 

1. 100 volumes n-canc-suglr. 

Z. 7S volumes i-cane-sugir + 25 vol*, sea-water. 

3. SO volumes «-cane-sugar -f- 50 vols, aea-water. 

4. 2S volumes ii-cane-sugar + 75 vols, sea-water. 

5. 100 volumes pure sea-water. 

In the pure cane-sugar-solution, muscular movements were found 
to have completely ceased within less than an hour, and the larvae 
were extended and rigid. In Solution 2, contractions continued for 
more than fifty-six hours, while in Solutions 3, 4, and g active move- 
ments continued for many days. After ten days infusoria and bac- 
teria had become abundant and most larvae were dead ; the experiment 
was then discontinued. In Solution 2 insuflicient salts seem to be 
present. Yet even a solution containing ninety volumes n-cane- 
sugar and only ten volumes sea-water was found capable of sustaining 
contractions in many larvae for more than twenty-four hours; and a 
few slight muscular twitches were still visible after forty hours. 

Solutions containing seventy-five volumes »-sugar-solution and 
twenty-five volumes of various mixtures of two and three chlorides 
were also tested; but, as might have been expected, even the most 
favorable of these were decidedly more injurious than Solution 2 
of the above series. 

Finally, brief mention should be made of those experiments in 
which larvjE were transferred to sea-water after the complete cessa- 
tion of contractions in ;r-sugar-solution. The following record will 
illustrate : 

August 15, 1901. Active and elongated larvK of mostly six sotnites were 
added to «-sugar- solution at 3.00 P. M- By 3.23 practically all larvae 
were perfectly rigid and molionless. A number of larvx were transferred 
from sugar-solution to sea-water at 3.24, 4.00 and 5.50 p. m., respectively. 
In each instance well marked contractions appeared after a brief interval ; 
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recovery, however, was less perfect after prolonged action of the sugar- 
solution. At 8.35 A.M., August 16, transfer to sea-water produced no 
contractions. 

Experiments on the effects of transfer from sugar-solutions to 
various artificial scflutions have not yet been made. 

These experiments taken in conjunction with those described 
above, justify the inference that the inability of solutions of non- 
electrolytes to support muscular contractions for any length of time 
(as pointed out by Loeb, Greene, Lingle, and others) is not due to 
any specifically injurious action of the dissolved substance itself, but 
solely to an exclusion of the necessary salts, resulting from the re- 
placement of the natural media of the tissues by such solutions. Ap- 
parently in the absence of the salts, the dissociation of the ion-proteid 
compounds and the outward diffusion of the ions in a short time so 
alter physical and chemical conditions as to render continued contrac- 
tions impossible. 



VII. SVMMARY AND CONCLUSIONS. 

1. Each of the chlorides NaCI, MgClj, CaClj and KCl exer- 
cises a definite specific influence on the properties of the contractile 
tissues; this influence is evident even in the presence of other salts. 
The inference is that each salt forms within the tissues a salt-proteid 
compound (ion-proteid) possessing definite physical properties. 

2. For normal activity these various compounds must be present in 
the tissues in certain definite proportions. Hence the favorable action 
of mixtures containing three chlorides in certain proportions, and the 
unfavorable effect of a change in these proportions (e. g., a reversal of 
the relative proportions of Ca and Mg). 

3. The salt-proteid compounds are dissociable, and the salts are 
thus readily replaced by one another in the tissues with correspond- 
ing changes in the properties of these. Hence, e. g., the loss of mus- 
cular contractility in solutions containing an insufficiency of Na-ions, 
and the revival of contractions on transfer to pure NaCI-solution or 
sea-water. 

4. K-salts are peculiar in forming combinations that are not 
readily dissociable; hence their specifically injurious influence on 
muscular contractility. 

5. In non-electrolyte solutions [he active properties of the tissues 
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are gradually lost; the addition of small quantities of isotonic salt- 
solutions to the non-electrolyte solution prevents the immediate loss 
of the properties that are favored by the presence of those salts. 

6. Development may proceed in favorable artificial mixtures of 
NaCl, MgCIj, and CaClj ; it is hindered by the presence of a trace of 
acid and furthered by the presence of a trace of alkali. 
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iNTRODUCTrON. 

IN 1895 Professor Loeb^ published the results of observations on 
the effects of lack of oxygen on the ilevelopment of certain marine 
eggs. He found that the fertilized eggs of Ctenolabrus, a hony fish, 
cannot segment in sea-water freed from oxygen. Moreover, if eggs 
in the two, four, or eight cell stage be placed under conditions of lack 
of oxygen, the cell walls will liquefy. But neither the unsegmented 
eggs nor those with liquefied cell walls are dead. They may recover 
and go on developing if brought back into aerated sea-water. 

He found also that the eggs of the sea-urchin, Arbacia, cannot 
segment in absence of oxygen, although in this organism the solution 
of already formed membranes does not occur. On the contrary the 
eggs of another bony fish, I-'undulus, as Loeb^ showed in an earlier 
paper, can go on segmenting for several hours in total absence of 

' LOEB : Arcbiv fijr die gesammte Physiologie, rSgs, Ixii, p. 349. 
" LoEB : Atxhiv (ur die gesammte Physiologie, 1893, Iv, p. 530, 

56 
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oxygen. It thus appears that there are striking differences in the 
behavior of the eggs of different species of animals. 

Loeb studied also the effects of lack of oxygen upon the embryos 
of Ctenolabrus and Fundulus. The heart of the former, he found, 
stops beating very soon. That of the latter beats for many hours. 
Thus again the differences in the protoplasm of different species of 
animals are emphasized. 

In his experiments Loeb used a stream of hydrogen to displace 
the oxygen in an Engelmann chamt)er containing the eggs or em* 
bryos. To prevent segmentation before the air had all been driven 
out of the chamber, he made use of ice. The eggs were fertilized, 
placed immediately in the chamber and cooled nearly to the freezing 
point of water. Meanwhile the stream of gas was started, and con- 
tinued for about two hours. Then the eggs were allowed to assume 
room temperature and were observed from time to time, the stream 
of hydrogen being continued slowly throughout the experiment. 

It was partly with the hope of finding an easier method of experi- 
menting with lack of oxygen that Dr. Loeb suggested that I try 
potassium cyanide on sea-urchin eggs. Furthermore he desired that 
I ascertain whether the degree of resistance to this poison remained 
constant or varied during the progress of development. In other 
words, is oxygen equally essential at all stages of development ? 
Other questions came up during the progress of the experiments. 

Methods. 

A titrated solution of KNC in distilled water had been brought to 
Woods Hole from the laboratory in Chicago. This was a 0.95 Mol ' 
(=/») solution. This solution was diluted with filtered sea-water to 
make a solution (^-; and from this, with sea-water as the diluent, 
the other solutions were made up as needed. A slight precipitate, 
probably of magnesium and calcium hydrates, follows the addition of 
strong KNC to sea-water. This was filtered off from the "\ solution, 
but in subsequent dilutions was not sufficient to be noticeable or 
troublesome. 

The eggs of the sea-urchins used in these experiments were ferti- 
lized in the laboratory in the usual way. After the proper time they 

* The Mol is a solution made by dissolving a number of grams of substance - 
numerically equal to its molecular weight and then diluting to one litre. Tlie m 
at KNC contains 65 grams in i litre and is therefore a 6^^ solution. 
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were brought into measured quantities (usually 50 c.c.) of the solu- 
tions contained in flasks of about 75 c.c. capacity. A slight change 
of concentration was unavoidable when the eggs were added. This 
change was kept constant and as small as possible by always intro- 
ducing, by means of a marked pipette, the same amount of sea-water 
(about one c.c). 

In the early experiments the flasks were kept covered with loose 
fitting glass caps, the idea being that plenty of air should be admitted. 
But it was found that the solution rapidly weakens, chiefly, no doubt, 
through the evaporation of HNC. In most of the experiments, there- 
fore, the flasks were kept tightly corked. Since the constant effect 
of the cyanide in these experiments, as well as in those on higher 
animals, seems to be to paralyze the power of oxygen consumption in 
the cells, no complications were introduced by thus closing the 
flasks. 

When it was desired to remove eggs from the cyanide solution, 
they were drawn up by a pipette and carefully dropped into the top 
of a test tube full of filtered sea-water. The eggs sank slowly 
through this, leaving most of the poison in the upper part of the 
tube, whence it was drawn off by means of a bulb syringe- If neces- 
sary the process was repeated until the eggs were thoroughly washed. 
Finally they were placed in watch-glasses filled with sea- water. 
After a convenient interval, usually several hours, the eggs were 
examined. Further examinations were made later if there was still a 
chance that the eggs might develop or if interesting features pre- 
sented themselves. 

All the experiments were carried on at room temperature, which 
averaged about 20° C. 

Relative Resistance at different Periods of Development. 
Professor Loeb • has shown that the egg differs strikingly from 
advanced stages in its resistance to certain ions. For example, 
potassium is much less poisonous to the egg and to embryonic tissue 
than to the heart or skeletal muscles in later stages. I find that the 
egg is quite resistant to cyanide, and that there is a progressive loss 
of resistance as development proceeds. For example, after immer- 
sion in y^Qij solution of KNC during forty-eight hours or more some 
unsegmented fertilized eggs are still able, when brought back into 

1 LOED : This journal, 1900, iii, p. 383. 
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normal sea-water, to segment and produce swimming larvae. Em- 
bryos (plutei) two days old, from the same culture, would, on the 
contrary, be killed in five or six hours in the above strength of cyan- 
ide, while a one-day embryo might survive eighteen or twenty hours. 
I give below in tabulated form the results of one experiment 
designed to test resistance at different ages. The first of the two 
numbers in any space indicates the number of hours in the poison 
after which some of the eggs developed to swimming larvae; or in 
case of embryos, the number of hours after which some recovered 
from the poison. The second number denotes the time of immersion 
after which no development or no recovery took place. In other 
words, the organisms were killed somewhere between the two times 
mentioned. 

TABLE I. 



Time after fertilization eggs 
were placed in solutions. 


Strength of KNC solutions. 


t". 


s"b 


.-. 


t7if 


,s. 


t,-.. 


„-„ 


Before first cleavage. (15 min- 
utes after fertilization?) . . 
7 hours. Early blastula . . 


S-61* 


S-18 


61-18 


2+-44 


21-44 


48-72 


68-72 


-U 


-11 


-11 


H-18 


71-83 


42-83 


71-83 


19 hours. Gastrula .... 


iHi 


2-4 


4-6 


8- 


^24 


8-24 


8-24 


27 hours. Advanced gastrula 


-u 


2- 


z-."; 


5-18 


5-18 


18-24 


18-24 


4S hours. Pluleus .... 


H 


ii-2 


iw 


3-S 


3-S 


5-7 


5-7 


* Figures Indicate number of hours of two observations between which death occurred. 



It is understood that the above are extreme limits. Often only 
one or two eggs would develop out of several hundred. Many might 
begin to segment but fail to reach the blastula stage. Others might 
reach that stage, only to disintegrate immediately after ciliary motion 
began. It is practically impossible, therefore, to get average lethal 
periods. The above figures express the truth in a broad way but not 
in detail. 

In one particular, however, further experiments are desirable. The 
table would seem to indicate that the early blastula (seven hour 
embryo) may resist the poison longer than the unsegmented egg. 
Some of the other experiments contain inconclusive evidence to the 
same effect, while in others it does not come out at all. It is certain 
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that the cilia of the Arbacia embryo are very resistant to KNC. As 
will be shown later, plutei often recover the power of ciliary motion 
after treatment with cyanide, only to go to pieces immediately after. 
It seems probable from my experiments that, in the blastula stage, it 
may be possible by a proper period of treatment to arrest develop- 
ment forever, while the power of motion may be recovered and the 
embryo swim about for days. In other words the functions of cell- 
division, differentiation, and growth may be stopped, while ciliary 
motion continues. It is certain that, in some of my experiments, 
blastulas, after being taken from the cyanide solution, recovered 
ciliary activity and swam about actively for three or four days without 
showing any trace of further development. At the end of that time 
some of them went on into the gastrula and pluteus stages, but I 
think that others never did. 

In this connection it is interesting to compare my results for the 
fertilized egg with those of Loeb and Lewis ^ for the unfertilized. It 
will be seen that fertilization considerably diminishes the period 
which an egg can live in KNC. In f^ KNC no fertilized egg 
developed after forty-four hours. Even after only twenty-four hours 
very few became swimming larvae, and most of these were unnatural 
ciliated forms that never became plutei. Loeb and Lewis found, 
however, that " many unfertilized eggs segment and develop into 
swimming larvae " after seventy-five hours or even longer in 'f^ 
KNC, My solutions being in flasks probably did not lose their 
strength so fast as those of Loeb and Lewis, which were in loosely 
covered finger bowls. But that this is not the cause of the whole 
difference is clear from their experiments with renewed solutions and 
corked flasks. For example, a few unfertilized eggs were able to begin 
development after sixty-six hours in ^i^ KNC in a corked flask. 
No fertilized eggs developed or even began cleavage after forty-four 
hours in Y^'tm KNC contained in a loosely capped flask. 

It should be said, however, that all my experiments on the relative 
resistance of eggs in solutions of strengths comparable with those of 
Loeb and Lewis were made before I found that there are successive 
stages of relatively high and low resistance in each cleavage. In 
these early experiments I usually waited about fifteen minutes after 
fertilization before placing the eggs in the solutions, the supposition 
being that I should wait until union of the pronuclei had occurred, in 
order to avoid killing the sperm. The condition fifteen minutes after 
• LOER and Lewis : This journal, 1902, vi, p. 305. 



„Goog[e 



Effects of Potassium Cyanide and of Lack of Oxygen. 6i 

fertilization is, as it turns out, one of comparatively slight resist- 
ance. It is probable that if I had known this fact and had waited 
for the period of greatest resistance (say thirty-five or forty minutes 
after fertilization), all my lethal periods for the unsegmented eggs 
would, on the one hand, have been higher than those for the blastula 
and, on the other hand, have more nearly approached the periods 
found for unfertilized eggs by Loeb. and Lewis. 

In how Strong Solutions is SEOMEMTATtON Possible? 

There seems to be much variation in different cultures of eggs 
regarding the strength of solution needed to stop segmentation. In 
some cases one or two divisions took place in \o"if^ KNC. In 
r6tfft"o some eggs went to the sixteen cell stage, but many stopped 
in two or four cells. In jo^ro '*" ^'°P ** **° "''^ ^""^ ^^ bo'uoo 
some may develop to the blastula stage and swim about. The above 
results were exceptional. In other cases solutions as weak as i-oo^q-c 
were perhaps sufficiently strong to stop segmentation in the two or 
four cell stage. These difTerences, again, are perhaps partially ex- 
plainable on the basis that the eggs were not all placed in the solutions 
at similar periods of resistance. 

Hastening of Segmentation and Growth bv Weak Solutions 
OF KNC. 



An unexpected phenomenon which seems fairly established by 
these experiments is the actually advanced condition of cultures 
raised in very weak KNC solutions, over the control raised in 
sea-water. In solutions of less than lo^oo segmentation and de- 
velopment usually went on to the pluteus stage, and the embryos 
remained alive as long as the control. If the solution was as strong 
^ lofloooo *"^ looo'ooo' ^^^ embryos developed about as fast as the 
control. If the solution was stronger, they fell behind. But if the 
solution was weaker, say ^^"g^ga *"" io^oo'uoo' numerous individuals 
developed faster than the control. This could be especially well 
noticed when the embryos went into the pluteus stage. The differ- 
ence was not great, but well enough marked to be noted by all whom 
I asked to compare the cultures. I may add here that I have since 
found that paramoecia lived longer in very weak KNC solution than in 
distilled water (ordinary, not distilled in glass) of the same quality 
as that used in making up the solution. 
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Loeb^ has found that the addition of a small amount of OH ions 
to sea-water hastens the development of Arbacia eggs. Since KNC 
solutions, at least strong ones, are alkaline, it might be supposed 
that we had here to do with the same phenomenon. But a compari- 
son of the added alkalinity in the two cases shows that this is not 
the explanation. For example Loeb added 2 c.c. of fj- NaOH to 
100 c.c. of sea-water in one of his experiments. Titration showed 
that about 1.4 c.c. remained in solution. In other words, there was 
an added alkalinity amounting to about 0.0014 *^- In my experiments 
the added KNC was only o.ocnxioi to 0.000002 m, and the added 
alkalinity much less, if indeed so weak a solution contains any free 
OH ions. 

Loeb noted further, in his work on Fundulus, Ctenolabrus, and 
Arbacia eggs already cited, that specimens in a current of hydrogen 
(the chamber not being, however, as yet entirely free from oxygen), 
might segment a little before the control. Often the difference was 
from six to ten per cent in favor of the eggs in the lessened amount 
of oxygen. Whether my experiments are an expression of the same 
fact remains for further investigations to determine. 

Ciliary Motion and Disintegration of Embryos. 

I have mentioned that plut'ei placed in KNC solutions went to 
pieces very soon after being returned to sea-water. Examined under 
the microscope, the cilia which had been paralyzed in such cases 
' were seen to start up. Then at some exposed part, usually on one of 
the arms, cells would begin to break loose. The fragments were 
generally single cells; occasionally, a small number of united cells. 
These loose cells looked like minute flagellates. They swam for an 
instant, then settled down and were not seen to move again. A 
dozen or more might leave inside of two minutes. Meanwhile the 
pluteus continued to swim about, gradually losing cells until the 
skeleton was exposed and finally very little else was left. The disin- 
tegration became complete. 

It was interesting to note that disintegration did not occur unless 
the cilia recovered from the poison. If the plutei were placed in very 
strong KNC or were kept for a long time in a weak one, there was 
no recovery of the cilia on return to sea-water, and the organism 
remained intact until putrefaction set in. If, however, the cilia re- 

' Loeb : Archiv fiir EntwLckelungsmechanik der Otganismen, 1898, vii, p. 632. 
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covered, the whole mass of cells might swim away from the skeleton 
within a few minutes. It would seem, therefore, that the poison 
weakens the union between the cells. They drop apart at the slight- 
est shock, for example, the pull of the cilia. 

The same thing could be demonstrated at any stage after ciliary 
motion had begun. Eggs placed in cyanide just at the beginning of 
the blastula stage and with the vitelline membrane still present might 
recover after being placed in sea-water. Then cilia could be seen in 
motion, and cells would swim away through the ruptured membrane. 
The whole embryo would quickly go to pieces. 

This weakened coherence of the cells was seen also in embryos 
which came from eggs which had been treated with cyanide before 
cleavage began. Suppose a large number of eggs to be placed, 
immediately after fertilization, in -^^ KNC and taken out after two 
hours, washed, and placed in sea-water. Probably ninety-nine per cent 
of the eggs would segment and continue development to the blas- 
tula stage. As soon as they acquired cilia, the cells would fall apart 
and die. Perhaps not one per cent would keep together and go on 
developing. This was noticed so often that the presence of numbers 
of loose cells became a sure sign that swimming larvae had devel- 
oped, even though not one could be found at the time of examination. 

It is interesting to note that this disintegration by ciliary action, 
while apparently a secondary effect of the poison, really goes back 
to lack of oxygen or lack of the power of using it This is shown 
by the fact that the same kind of disintegration follows prolonged 
exposure to pure hydrogen gas. Examination of the tables which 
will accompany the part of this paper devoted to the varied resist- 
ance seen at different periods in each cleavage will indicate to how 
great an extent this occurs. 

From experiments on the Tradescantia cell De Moor^ concluded 
that the oxygen was needed for the formation of the cell walls. 
Loeb^ found that the cell walls of Ctenolabrus eggs when in 
the two to eight cell stages were liquefied in an oxygen vacuum 
and reformed on readmitting air. He noted that the membranes 
in Arbacia are not so liquefied. But though not visibly different, the" 
membranes, as my experiments show, are apparently in some way 
so changed that the cells do not cling tightly together. Moreover 
if the eggs are put in KNC or under lack of O, they are in some way 

' De Moor : Archives de biologic, 1895, xiii, p. 163. 

* LoEB ; Archiv fiir die gesammte Physioiogie, 1895, Ixii, p. 249- 



„Goog[e 



64 E. P. Lyon. 

affected so that membranes not to be formed for hours to come are 
nevertheless weakened. And for this reason alone, apparently, the 
majority of eggs treated with cyanide for any length of time cannot 
develop beyond the blastula stage. 

Immunity to KNC, 

So far as I know, no experiments have heretofore been made on 
immunity to this poison. My own investigations are not extensive, 
but sufficient to show that a considerable degree of immunity can 
be developed. The results of two experiments will be given : — 

Bxpeiimeot K. — Eggs of Arbacia were allowed to develop for three days 

in Yo^i^^. laaai^ ^""^ Ti^'hra ^^"^^ ^" '^'"^ ^J" '^''^ *'™^ '" ''^^ P'"" 
teus stage, and tliose in the first two solutions were as far along as the control 
in sea-water. Embryos from each solution and from the control were then 
drawn off and placed in solutions of Tnon^n, 70*° "— and T-„n^^x7:- ^'^ 
less than ten minutes the embryos from the control were precipitated in all 
these solutions, although still moving feebly at the bottom of the tubes. In 
twenty minutes the control embryos placed in -- •'"' "' were dead and, soon 
after, those in Yno'nXaT,' Meanwhile all those which had been raised in KNC 
solutions were swimming actively in the stronger solutions. After four hours, 
those in the ■v-'"u^-i solution were precipitated ; but those in j-nn^Do'iy ^''*^' 
of course, j ,)'„""(,- j were still active twenty-four hours later. Some of the 
embryos removed from the control to —' " ™— recovered. It appears, then, 
that embryos raised in a weak solution of KNC are able to live in solutions 
two or three times as strong as embryos of the same culture raised in 
sea- water. 

Experiment F. — Fertilized eggs were placed in Yevaaoa' Tooo'n^ '"*^ 
To'oo'oo l^^C. Twelve hours later the r-^-"/'^ solution was full of active 
blastulas. Some of these were transferred to yuu^™,,-^- They soon fell to the 
bottom but later recovered and went on developing. But the eggs originally 
placed in -,-(,oo"'oo *^'" *° pieces in advanced cleavage or in the blastula 
stage. 

Two days after the eggs were placed in the solutions the embryos in 
I oi?i)"oo"o ^^*-- '"^^^ found as far advanced as the control raised in sea-water. 
Samples of each were transferred to .-^^p™ KNC. Those raised in sea- 
water were all precipitated in less than an hour and a half. Those raised in 
loou'oo" '^'^ "'*'' ^S'" ^° S"^ down till much later. A few were still swim- 
ming two days later. 
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Varied Resistance to KNC during Cleavage. 

In investigating the time which eggs could live in cyanide solu- 
tions, I found considerable variation among different cultures. As 
I had not been careful to always place the eggs in solutions exactly 
the same number of minutes after fertilization, it occurred to me 
that the eggs might not be equally resistant throughout the first 
cleavage, and that the variations noted might be due to this fact. 
Experiments were made to test this point. The eggs from the 
ovaries of a single ripe female were fertilized with sperm from a 
single male. This procedure was followed in order to obtain a 
culture in which the first and each succeeding cleavage in all the eggs 
might be as nearly simultaneous as possible. Very soon after fer- 
tilization (say three minutes after adding the sperm, by which time 
the eggs would have settled to the bottom and examination of a 
drop would have shown the formation of the membrane), a portion 
of the eggs was transferred to ICNC solution. Strong solutions of 
the poison (usually J*^- or j^) were used in order that development 
might be stopped very quickly. Ten minutes after fertilization 
another portion of eggs was placed in cyanide, and so on. As the 
first cleavage approached, I usually proceeded at five-minute inter- 
vals and continued this through the more rapid second and third 
cleavages. Farther than the third division I did not study; indeed, 
it would be difficult to get satisfactory results, because the cleavages 
cease to be even approximately simultaneous. 

After the first eggs (those placed in the cyanide immediately after 
fertilization) had been in the solution a certain time, say one hour, 
part of them were drawn off, washed in sea-water in the manner 
already described, and left in sea-water in a watch-glass to develop. 
Ten minutes after the first sample was taken out, some eggs were 
drawn off from the second flask and similarly treated. This was 
continued until samples were drawn off from alt the flasks — samples 
which had developed for different lengths of time after fertilization 
before they were put in the poison, but which had all been in the 
cyanide for the same interval; e.g.,ont. hour. This lot of samples 
was called the one-hour series. In the same way one and one half 
hour, two-hour, two and one half-hour series, etc. were prepared. 
Next day the samples were examined for swimming larva: and for 
disintegrated cells, which, as I have said, constituted a sure sign 
that blastulas had developed and then fallen to pieces. There were 
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usually two or three hundred eggs in each sample. Before discuss- 
ing the results of these experiments, I will give in convenient 
form the notes taken in some of them. 

TABLE II. 
Expeiiment D. — ,'J, KNC. 



Mins. 








after fer- 








tilization 


U-hoUf MT,t%. 


Zl-bour series. 


31-h"" series. 


solution. 











Severalswimmerii. Much 


Several blastulas. Much 


4-cell stages abundant. 


(3) 


disinlegration. All eggs 


disintegralion. Noun- 


.Some morulas. Two 




to morulas, or faither. 


s«gmeiiled eggs. 


or three swimmers. 
Some disintegration. 


10 


About like above. Less 


Two or three blastulas. 


All untegmenled eggt. 


(13) 




Less disintegration 
than above. Mostly 
unsegmenced erars. 




20 


Decidediv more blastu- 


More morulas than at 10 


Many morulas. 


(231 


las. 


min.. but no blastulas. 




30 


About same as 20-min. 


10% or more swim. 




(33) 


sample. 






."iO 


Very lively lot of blas- 


Large number of blastu- 




(S3) 


lulas. Dozens to one 


las. No unsegmented 






in any of preceding. 


eggs. All morulas, or 
farther. 
PrattUallv nil dead in 2- 




.^S 


Fewer blastulas than in 


Praelieally all di-ad in 


(58) 


SO-niin. sample. 


(ell singe ,- " as perfect 
as if fixed," 
Thirty blastulas. Some 


Z-cell sl.igt. 


60 


Many blastulas. 




(63) 




dead 2-cells. but mostly 
morulas, or farther. 




65 


Many blastulas. 


A few swim. Mostly 




(6S) 




morulas, or 2-celled. 




70 


A good many blastulas. 


Several swimmers; all ad- 


Morulas and 2-cell. One 


(73) 




vanced cleavage. Not 
a 2-cell in lot. 


swimmer. 


75 


Noblaamlas. Mostlydiad 


Several blastulas. Many 
morulas. Many 'r^ell 


AUitly A-ulled 


(7S) 


in A-cell stage. 








"'^"- 





Ezpsrimeiit D. — Eggs fertilized August 20, 3.12 P. M. Fir.st sample placed 
'" \"!.i ^^^ ^^ 3-'5- At 3.25, 3-35, 3,45. 3-SS.' 4-05- 4-io, 4-15. 
4.Z0, 4.25, and 4.30 other samples placed in the solution. Samples 
taken from each lot one and one-half, two, two and one-half, three, and three 
and one-half hours after it was put in. (The notes on the two ami three 

' No further record of this lul found. 
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hour series are not published). At 4.00 a few eggs in the control were in 
the two-cell stage. Al 4.05 the control was mostly in two-cell stage. At 
4.15 a very few of the control were in four-cell stage. At 4,20 not many 
in four-celi stage as yet, 4.30, many four-cell in control. Numbers in 
parentheses indicate number of minutes after addition of sperm. Three 
minutes were allowed for fertilization and for the eggs to settle, before the 
first lot (those marked " o ") was placed in cyanide. 







TABLE HI. 








Mins. 
after fer- 
lUization 

lolutjon. 


S-hour series. 


4-liour series. 


5 hour series. 










(3t 


A few Bwimraers (blas- 
tulas). Many morulas 
and disintegrated cells. 


One swimmer. Segmen- 
tation common and al- 


Over half of eggs seg- 
mented, and always to 
Urge number of cells. 


10 
il3J 

20 
(23) 


NoHaitulas. Manymor- 
ulas and disintegrated 
masses of cells. Many 
unsegmented eggs. 

unsegmented eggs. 


Practically no segmenU- 
tion. 




30 
(33) 




Many blastulas. Many 


Large number of Uastu- 
las. 


SO 

(53) 

SS 
(S«) 


Literally alive K-ith bias- 
lulas. Praclically all 
eggs have (levelo|)td. 

Like 50. 






60 
(63) 


Hundreds o{ dead 2-cell 
slage. Three swim- 


Praclically all 2-cell. 
Rarely a 4, and noth- 
ing hfeher. 




65 

(68) 


Most ly'a-cell. Oneawim- 
mer and a few moru- 




70 
(73) 

7S 


No icell. All morulas, 

blastulas. 
Manyblastulas. All tesi 
morulas. No2or4-cell 
slage- 







Experiment D'. — Like Exp. D, except that eggs were placed i 
and samples taki-n out after three, four, and five hours. 
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Mins. 








after fer- 








tilization 


fiKNC,3-hour series. 


I^KNCZJ-hour series. 


rMKNC. 3-hour series. 


JSceTi" 








lotulioiis 











All eggs to morulas, or 
fanher. Many fallen 


20% swim. ReM moru- 


Numerous swimmers. 


(3) 


las or disintegrated. 


Much disinlegraliun. 




apart. A few blaslulas. 






10 


95 % nut segmented. No 


A very few swim but not 




(13) 


blaslulas and almost no 


one to 25 in above. 


few swim but much 




dUinleEralion. 




less than in above. 


30 


Many good morulas, 
UnebTasdila. Fcwun- 


Several blastulas (more 


Several blastulas and 


(33) 


than ill lOminute 


much advanced cleav- 




segmented eggs. 


sample). Advanced 
cleavage common. 


age. 


« 


Many morulas and much 


More swimmers than in 


Many good blastulas. 


m 


disintegraiiou. 


30-min. sample. 


Better than 30-min. 
sample. 
90% dead in 2-cell stage. 


50 


Like 4S-min. sample, ex- 


Only one or two blas- 


(S3) 


cept many ^tell stage 


tulas. Advanced 


None in advanced 




present. 


cleavage. 


cleavaf-e. 


ss 


Uss 2-cell than 50-min. 


Many more blastulas 


Numerous blastulas and 


(58) 


sample and mote ad- 


than in 50-min, sample. 


all in advanced cleav- 




vanced cleavage. 




age or disintegrated. 


60 


Like 5S-min. aample. 


Like S5-min. sample. 


Like S5-min. sample. 


(63) 









Experiment ZZ. Eg;.;s fertilized Sept. 7, 4.57 P. M. Eggs put into j^ 
and fl; KNC at 5.00, 5.10. s-jo, 5.45, 5.50, 5.55, 6.00. Samples taken 
out after two, two anil one-half, three, three and one-half and four liours, 
washed and left till next day, when these notes taken. (Only three 

series published.) 

A study of these experiments and of many others that I made 
leaves no doubt that there is a stage about ten or fifteen minutes 
after fertilization (at the temperature of my experiments), when the 
egg is especially susceptible to KNC. Again soon after the first 
cleavage comes a second stage of small resistance. A third follows 
the second division. Further than this the experiments did not go. 

From experiments in which samples were taken out at five-minute 
intervals through ihe first cleavage period it appears that the resist- 
ance of the egg to KNC diminishes steadily from the moment of 
fertilization to the above mentioned minimum. From this there is a 
progressive increase in resistance- Twenty-five or thirty minutes after 
fertilization eggs possess about the same degree of resistance as at the 
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time of fertilization. Forty minutes after fertilization they are more 
resistant than when they were fertilized ; and the increase goes on, 
apparently, up to the time of separation into two cells. A great fall 
in resistance appears soon after the first cleavage, and then a rise 
again. The question arises, therefore, whether the changes here 
follow exactly the same course as those preceding the first cleavage. 
But the second cleavage follows so quickly after the first that the 
problem could be solved only by taking samples at much shorter 
intervals than I did, say every minute. It is probable, however, that 
in the susceptible period after the first division the egg is less resist- 
ant than after the corresponding period which comes soon after fer- 
tilization. Similarly after the second cleavage there is a stage of 
great susceptibility, — greater, it would appear, than the preceding 
similar stage. It seems, too, that the resistance never again rises so 
high as just before the first division. These probabilities are indi- 
cated in Experiment D, In the seventy-five minute sample (time of 
the second cleavage), of the one and one half hour series most of the 
eggs are "dead in the four-cell stage," and no blastulas are present. 
At the preceding susceptible periods (fifty-five and ten minutes) in 
the same series there are only slight indications of the weakened 
resistance. The fifty-five minute sample, for example, simply has 
fewer blastulas than the fifty-minute sample. In the two and one 
half hour series, however, we find that the fifty-five minute sample is 
composed wholly of eggs killed in the two-cell stage — " as perfect as 
if fixed," as one of the men in the laboratory remarked. But in this 
series the first susceptible period is not marked by a total lack of 
segmentation, although a majority of the eggs have failed. Only in 
the three and one half hour series do we find a complete lack of 
development in the first susceptible stage. 

Unfortunately I have little further evidence of this interesting 
probability than that contained in Experiment D. The experiments 
already detailed, showing loss of resistance from stage to stage of 
development, do not necessarily prove a loss at each cleavage, although 
rendering it probable. And in experiments like Experiment D suc- 
cess in this regard evidently depends, for one thing, on getting a lot 
of eggs which are practically simultaneous in cleavage. Success also 
depends on hitting the proper periods for the action of the poison 
and proper intervals for taking out samples. Therefore one can 
expect but few experiments as clear as Experiment D. 

Assuming as a fact a progressive loss of resistance at each cleav- 
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age, the curve of resistance to KNC during cleavage may be diagram. 
matically represented by Fig, I. Of course the exact rise and fall 
of the curve relative to its average height above the base line are 
wholly assumed ; and the characters of the curve itself, for the present, 
are largely guesswork. 
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The ordinates indicate the degree of resistance, — the figures, the 
number of minutes after fertilization. 

Substitution of Hydrogeh for Air. 
After I had secured these results with KNC, Professor Loeb sug- 
gested that I try lack of oxygen brought about in other ways, I used 
hydrogen. The breeding season for Arbacia was nearly over, and 
eggs were hard to get and more difficult stilt to fertilize. However, 
I succeeded in getting three good experiments, each consisting of 
several series. All point to the same result. There is a stage when 
the eggs are very susceptible to lack of oxygen, and this period is 
about ten or twelve minutes after fertilization. For these experi- 
ments, hydrogen gas was generated from sulphuric acid and zinc and 
purified by passing through wash bottles containing successively 
potassium hydrate, potassium permanganate and distilled water. 
The gas was then passed through four small rubber-stoppered wash 
bottles, each of about 40 c.c. capacity. The bottles were arranged 
" two in series, and two in parallel ; " that is. the stream of gas was 
divided into two parts and each part passed through two bottles. 
The ideal plan would have been to give each bottle an independent 
supply of gas, thus insuring that no air which might get into the one 
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nearest the generator at the time of taking out a sample could be 
carried over into the next bottle. But my generator was too small to 
supply gas for so many outlets. 

The experiments were conducted as follows : Sea-water was boiled 
to drive off the oxygen, then diluted with recently boiled distilled 
water to its former volume. (I had previously found that the eggs 
develop as well in such water, when aerated, as in the natural sea- 
water.) About 25 c.c. of this water was placed in each bottle and 
the hydrogen started through it. The current of gas was continued 
for five or six hours. Then at proper intervals and with a powerful 
stream of gas going, the bottles were opened very slightly and a 
few drops of water containing fertilized Arbacia eggs put in. The 
stoppers were immediately made tight, and the stream of hydrogen 
kept up until next day. The eggs were placed in the bottles at con- 
venient intervals after fertilization; e.g., o, 5, 10, and 30 minutes. 

From experiments made by Miss Emerson (not yet published), I 
knew about how long the eggs would live in hydrogen and therefore 
took out my first sample after sixteen hours. To take out eggs with- 
out admitting air to the remaining portion, a very powerful stream of 
gas was kept up through the bottle, the stopper was opened just 
enough to admit a fine pipette, some eggs were drawn out and the 
bottle immediately recorked. The method was not elegant, but that 
it was effective in keeping oxygen from the eggs is indicated by the 
total absence of cleavage in any of the bottles, to the end of the 
experiments. The samples taken out were placed in sea-water and 
observed after a proper interval to allow the development of swim- 
ming larvae, usually next day. 

The notes on two of these experiments are given in the tables on 
page 72. 

These notes need httle comment. It is plain that there is a close 
parallel between the results with H and those with KNC. Starting 
at the moment of fertilization with a certain degree of resistance to 
lack of oxygen, there is a gradual loss of this power during the next 
ten or fifteen minutes. Then the resistance begins to increase. 
That the differences are striking is seen by comparing the sixteen 
hour and the forty-two hour series in Experiment I. After sixteen 
hours there is " little or no segmentation " in the ten minute sample. 
But even after forty-two hours some of the eggs which were placed 
in H immediately after fertilization are able to develop. 

Nothing can be more striking than the comparison of two samples. 
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TABLE V. 
-Wiih Hydrogen, September 6, 1901. 



MiM. 








after fer- 










16-hour series. 


21 -hour series. 




pTaced in 
hydrogei. 
















Nomerous swimmers 


No blastalas, bat some 


Much segmentation with 


(3) 


(later formed perfectly 


good moiulas. Much 


and vfithout disintegra- 




normal ^aslrulas). Few 
eggs failed to develop. 


disintegrationj i.e.. 






blastulas have gone to 
















A few blastulas. Many 


Some segmentation and 


(8) 




good morulas. 


disintegration. 


10 


No blastulas. Little or 


No segmentation. 




(13) 








30 


Blastulas abundant. 




Many 2 and 4 cell stages. 


(33) 


Practically every egg 
to morulas, or further. 
Much disiiilegration. 







TABLE VL 

Experiment K. — With Hydrogen, September 9, 1901. 



Mins. 
after fer- 










16- hour series. 


18-hour series. 


21-hour series. 


p^ced in 

hydrogen. 










m 




Very few unsegmented 


Numerous swimmers. 

Much disintegration. 


5 
(8) 


Perhaps S% swimmers. 


Much advanced cleav- 
age. 


Little or no segment a- 


10 

(13} 

zo 

<23) 


hundreds of eggs 
in the sample. Mostly 

One "or two swimmers 
and considerable dis- 


fi% unsegmented. 

No swimmers. Some 
disintegration. Moslly 
unsegmented. 


No .egmmiuio,. 

Some seRmeiilation and 
■ilmmir"°°" "" 
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say of an eighteen hour series. The eggs which were placed in an 
oxygen vacuum just after fertilization, left eighteen hours, then re- 
moved to aerated sea-water and left over night, all developed. The 
dish was full of beautiful blastulas. The eggs which were treated 
in exactly the same way except that they were not placed in the 
hydrogen till ten minutes after fertilization were unsegmented and 
dead. 

It seems, therefore, both from the experiments with KNC and 
also from those with hydrogen that oxygen is essential for some 
process taking place about ten or fifteen minutes after fertilization: 
Not only is oxygen necessary for this process; but if it is withheld 
for a comparatively short time, the egg cannot recover. But if we 
ask what the particular process is, we are unable to state with cer- 
tainty. My first idea was that the susceptibility to KNC was con- 
nected essentially with the union of the sperm and egg cells. It 
might be that the sperm was killed by the cyanide. But the fact that 
the susceptible period recurs at each segmentation put an end to such 
speculations. If we consider the processes going on during division 
that might need oxygen, the active parts of karyokinesis, the split- 
ting and separation of chromosomes, first attract our attention. Yet 
time considerations throw these out of court. In Toxopneustes, 
according to Wilson,^ the nuclear membrane is dissolved about 
twenty-five or thirty minutes and the chromosomes separate about 
forty-two minutes after fertilization. Mathews,' who described the 
fertilization and cleavage of Arbacia, did not state exact times, but 
asserted the close similarity to Toxopneustes. In conversation with 
me he states his remembrance that there is a long pause after the 
union of the pronuclei before solution of the nuclear membrane and 
the division and migration of the chromosomes. The solution of the 
membrane, he thinks, occurs thirty or thirty-five minutes after fer- 
tilization. These processes, therefore, seem to come in the period 
most resistant to KNC and lack of oxygen. The further fact that 
the second susceptible period comes immediately after the first cleav- 
age instead of just before the second cleavage shows again that the 
period when oxygen is most needed is not that of active nuclear 
division but rather the resting stage. We must look, therefore, for 
processes occurring about ten or fifteen minutes after fertilization. 

In their description of the cleavage of Toxopneustes and Arbacia, 

Wilson and Mathews mention two processes which occur sufficiently 

■ W11.SON and Matbkws: Journal of morphology, 1895, x, p. 310. 
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near to the susceptible stage to be worthy of consideration. One is 
the growth and division of the sperm aster. The other is the growth 
of the nucleus, that of Arbacia, according to Mathews, increasing in 
bulk over eight times- But whether either of these processes is 
especially dependent on free oxygen and concerned in my results 
remains for further experimentation to determine. Nor can any 
general conclusions as to the necessity of oxygen in cleavage be 
drawn without experiments on many other kinds of cells. 

In this connection I have been especially interested in De Moor's ^ 
work on Tradescantia and leucocytes. It will be remembered that 
he showed that the nucleus can divide in an atmosphere of hydrogen 
(or at least, in an atmosphere so free from oxygen that visible proto- 
plasmic streaming bad ceased), and that division takes place in the 
normal time and manner. If it were true that the nucleus in Trades- 
cantia could go through its entire series of changes without oxygen 
it would seem that my susceptible period must be concerned with the 
cytoplasm only, or else that no general rule regarding the necessity 
of oxygen for the nucleus could be established. (Indeed there is sup- 
port for the latter idea in the observation of Loeb, already mentioned, 
that Fundulus eggs can continue segmentation for several hours in 
an atmosphere of hydrogen.) It is possible, however, that the 
nuclei that Dc Moor saw divide were ready or nearly ready for that 
process before they were deprived of oxygen. In other words, they 
had passed into that stage which my experiments show to be the 
most resistant to lack of oxygen. There are several things in his 
paper that make me incline to this belief De Moor never saw more 
than one division of the same nucleus. He usually speaks of the 
nucleus as being in the spireme stage at the beginning of his observa- 
tions. In the case which he describes to show that the entire series 
of nuclear changes can be gone through without oxygen he says he 
selected cells which appeared to have divided recently. But he did 
not wait for a cell to divide, then immediately turn on the hydrogen 
and see whether the nucleus could divide again. My experiments 
indicate that oxygen is especially needed by the egg very shortly after 
division and for a comparatively short time only. It may therefore 
have happened that De Moor missed this stage, and that my work is 
in no sense contradictory to his. 

1 am glad to express my indebtedness to Professor Loeb for sug- 
gesting this line of investigation. 

' De Moor: Archives de biologie, 189s. xiii, p. 163. 
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SUMMAHV. 

1. There is a loss in resistance to potassium cyanide during the 
development of the sea-urchin egg. Probably each cleavage from 
the very first increases the susceptibility. 

2. Development is slightly hastened in very weak solutions of 
KNC. 

3. By prolonged exposure of Arbacia embryos to the poison the 
union of the cells is weakened. Then on transference to sea-water, 
the cilia may recover and the cells under the influence of ciliary 
motion may swim away from the embryo. The whole organism thus 
collapses. Unsegraented eggs placed in cyanide for a time and then 
returned to sea-water may go on developing. But the poison has so 
affected them that as soon as cilia are developed, the embryos disin- 
tegrate. Lack of oxygen brought about by a current of hydrogen 
produces the same result. 

4. Some degree of immunity to KNC can be induced by raising 
embryos from the start in very weak solutions of the poison. 

5. From fertilization to a point about ten or fifteen minutes after 
fertilization the resistance of the egg to KNC diminishes. From the 
most susceptible stage there is an increase in resistance up to the 
time of the first cleavage. Very soon after division there is another 
susceptible period followed by another increase in resistance. Similar 
variations have been found in the interval between the second and 
third cleavage. 

6. Similar changes in resistance are found when the eggs are sub- 
jected to hydrogen and consequent lack of oxygen. There is a 
susceptible period about ten minutes after fertilization, followed by a 
much more resistant period. 
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ERGOGRAPHIC STUDIES IN MUSCULAR SORENESS. 

By THEODORE HOUGH. 

[From Iht Physiologital Laboratory of the MassachiisrUs fitilituU of Technology and 
thi Hosien Normal Sehoal of Cymnnslus.] 

IN my paper on neuro-musciilar fatigue published in this journal 
for May, 1901, I made but slight reference to the subject of 
muscular soreness beyond the statement that "when an untrained 
muscle makes a series of contractions against a strong spring, a 
soreness frequently results which cannot be regarded as a phenome- 
non of pure fatigue." Further discussion of the matter was post- 
poned to await the completion of the experiments which form the 
basis of the present paper. 

The use of the word " trained " at that time was somewhat indefi- 
nite, and it may be well at the outset to define my use of it then 
and now, in order to prevent possible misconception. By a trained 
muscle or a muscle in training is meant one which has been making 
regular ergographic experiments for some time previously without 
resulting soreness or lameness. The muscle may have been accus- 
tomed to ergographic work and maybe very strong; but if a con- 
siderable period of time have elapsed since the last experiment, such 
a muscle would be classified as untrained or out of training. I am 
unable to state what length of time must elapse to put a muscle out 
of training; but I have never classified a muscle as trained unless 
it had made an experiment within the preceding three weeks. 

My attention was first attracted to the subject of muscular soreness 
in the latter part of November, 1899. Six months before a series 
of almost daily ergographic tracings from the flexors of the middle 
finger had been brought to a conclusion.' The muscle was in a high 
degree of training, the curve of work always falling asymptotically 
to a constant fatigue level, from which recovery took place rapidly 
on passing to a slower rhythm. No soreness had been noticed. 

The experiments were resumed in November, after the lapse of six 

' Hough : This journal, 1901, v, pp. 258-259. The ergographic methods used 
in the present series of eiperinients are the same as tho.se given in the above 
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months, during which no ergographic tracings were taken nor any 
work done which involved hard work on the part of the muscles in 
question. The first tracing (November 30) was recorded without 
discomfort at the time of experiment, but it was noticed that it failed 
to show a fatigue level. This is shown in Fig, i, which will enable 
the reader to compare the result of this experiment with that of one 
taken during the previous period of tracing. It was also observed 
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Figure 1. — 1. Curve plotted from a tracing given by ihe trained miiscle, May 5, 1899. 
2. Curve plotted from the initia.1 tracing of tlie same muscle out of training, Nov. 30, 
1899. 3. Curve plotted frotn the tracing of the same muscle on the following day 
(Dec. 1, 1899) while in a condition of soreness. In this curve, Ihe contractions were 
verj- painful at « ; much less so at b; at f the psin had entirely disappeared, or was 
noticed only at the height of cuntraclion and then was slight, 

"='^''5"'""' > = |^' = Rhythm. ^=i^^ 

Abscissae give time in minutes. 

that, not only did the curve in the former case continue to fall to 
the end of the experiment, but that the fall was not uniform ; on the 
contrary sudden diminutions were frequently noticed in the height 
of contractions, as shown somewhat imperfectly in the figure. The 
same thing has been more or less marked in the nine other initial 
tracings taken from the untrained muscle during the past two 
years. 

As already stated, no discomfort accompanied this tracing, nor 
was any noticed for some hours afterward. Eight or ten hours 
later, however, the muscle began to show signs of soreness, and this 
soreness increased to its height twelve or more hours after the tracing. 
In other subjects this soreness has appeared much later, reaching 
its maximum as late as forty-eight or even sixty hours after the 
tracing. 

On the following day, while the muscle was still sore, a second 
experiment was made. For the first two or three minutes the act 
of contraction against the resistance of the spring was excessively 
painful, as if countless needles were being driven into the arm. 



,y Google 



y8 Theodore Hough. 

This pain, however, gradually wore away as the experiment con- 
tinued, and in the course of five or ten minutes had entirely disap- 
peared, or was noticed only at the height of contraction. 

The curves obtained on the first and second days may be com- 
pared by reference to Fig. i. It will be noticed that the disappear- 
ance of pain was without effect on the height of contraction, which, 
under the conditions of our experiments, is equivalent to saying that 
it was not accompanied by improvement in the strength of the 
muscle. It will also be noticed that the rather striking level of 
work maintained throughout the second experiment is approximately 
that to which the curve of the previous day had fallen. 

The soreness, which thus disappeared during the tracing and 
which was not noticed for some hours afterward, returned in ten 
or twelve hours and ran the same general course as that observed 
after the tracing of the first day. On the following (third) day a 
similar experiment gave a curve almost identical with that of the 
second day. Indeed, no improvement whatever was noticed in the 
working capacity of the muscle so long as daily experiments were 
made; each tracing gave the same reduced level of work ; the sore- 
ness, at first very intense, passed off in from five to ten minutes, to 
return some hours later. Such daily experiments were made for 
six days. 

I have previously shown that on changing from the rhythm 

C \ sec. , . , C 1 sec, . ,, , 

-p = I to the rhythm -5 = j ^ practically complete recovery 

occurs in the trained muscle within some ten minutes. It is inter- 
esting to note that neither in the first nor in subsequent tracings 
of this and similar series was any marked recovery observed in the 
sore muscle. A somewhat greater recovery may be obtained by 
massaging the muscle between contractions, but even this improve- 
ment is comparatively insignificant. 

Finally the soreness gradually passed away when periods of from 
four to seven days were allowed between tracings. In the course 
of a month and a half the working capacity of the muscle, as indi- 
cated by the height of the initial contraction and of the fatigue level 
improved step by step until it was somewhat better than that ob- 
served eight months before. The third series of experiments given 
in my former paper ^ were from this period, after the muscle was 
again in training. 

' Hough: Tliis journal, 1901, v, p. 260. 
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The experiments of this series were made with the rhythm 
-p = ■ Later, when soreness no longer accompanied or fol- 
lowed work, an experiment was made with sustained volitional tetanus 
which brought out a new phase of the matter. I have elsewhere 
commented on the frequently painful character of these tracings, 
and this one was no exception. Five contractions of from four to 
two minutes' duration were made, with intermissions of two minutes' 
rest. The pain may be described as beginning with a dull ache 
which increased in intensity until it was almost unbearable. It be- 
gan in the first tetanus during the third minute, in later tracings 
after the first thirty seconds, becoming more intense with each suc- 
ceeding tracing. Immediately after the close of the experiment no 
marked discomfort was noticed ; within fifteen minutes, however, 
the flexor muscle' felt lame, was sore to the touch, and contraction 
against even slight resistance was uncomfortable or even painful. 
Although I have no record of the exact time at which this condition 
was most marked, it is safe to place it about one half hour after the 
end of the experiment. From this time it gradually wore off, dis- 
appearing entirely within four hours. It will be remembered that, 
in the experiments described at the beginning of this paper, no dis- 
comfort whatever was experienced during the experiment nor for 
several hours afterward. On the following day the usual rhythmic 
tracing was taken to test the working capacity of the muscle, which 
was found to be in a perfectly normal condition, showing no dimi- 
nution in the height of the initial contraction or of the fatigue level, 
and suffering no soreness either during or after the experiment. 

These two experiences, thus described in some detail because 
subsequent experience has shown me that they are quite typical, 
suggested the advisability of studying the whole phenomenon of 
muscular soreness (resulting from work) on a large number of indi- 
viduals. Observations have accordingly been made, under my direc- 
tion, by members of the senior class of the Boston Normal School of 
Gymnastics, partly in the physiological laboratory of the Massachu- 
setts Institute of Technology, but mostly at the Normal School of 
Gymnastics. The subjects of experiment were in all cases students 
or instructors of the latter school. Speaking for those who have 

• It will be understood th:it the pain, soreness, l.imeness, stiffness, etc., men- 
tione<l in this paper always refers to the condition of the belly of the muscle, and 
in no case lo the carpal portion of its tendon or to llic fingers. 
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worked with me in the study of this problem it gives me pleasure 
to thank those who have served as subjects of experiment and for 
myself to acknowledge my own indebtedness to those who have so 
carefully and efficiently conducted the observations. 

During the spring of 1900 experiments were conducted by Miss 
Mabel D. Cherry, Miss Susanne A, Craig, Miss Marian D. Richards, 
and Miss Gertrude L. Farmer, A preliminary account of their 
results^ has already appeared. In order to increase the number of 
observations and to settle, if possible, certain questions suggested by 
their results, a second and more extensive series of observations was 
undertaken in the spring of 1901 by Miss Harriet Wilde, Miss Grace 
L. Shepardson, and Miss Lilian Gleason. 

The results of these two series of observations are given in Table 
I. Except in the case of one subject (T. H.), the adjustable hook 
of the finger splint was attached at approximately i \ inches (28 mm.) 
from the joint. Owing, however, to the inexperience of some sub- 
jects in adjusting the splint, it should be said that it is not safe to 
assume that this distance was always accurately determined; in a 
few cases the adjustment was not made at all. This error is, how- 
ever, of little importance yi the present investigation, since our study 
does not involve comparison of daily recoiMs from the same indi- 
vidual; it is mentioned here, because the experiments have been 
arranged in the table in the order of the height of contractions. 
While this no doubt gives approximately the relative strength of the 
same muscle in different subjects, the classification is not absolutely 
accurate. 

Study of the results will, I think, bear out the following 
conclusions : 

I. There arc two kinds of muscular soreness or lameness. The 
first is very marked during work and may be noticeable for three or 
four hours afterward; it then passes away entirely. The second 
kind, on the contrary, is not noticed at all at the time of the tracing 
nor for some time afterwards; it usually begins about eight hours 
after the work, increases to a maximum which may occur from ten 
to twenty-four, or even more hours later; indeed this soreness may 
not make its appearance until the second day after the tracing; it 
gradually passes away, but may be noticeable for four or more days, 
when the muscle is contracted against resistance or is over-extended. 

' lincdu ; Journal of the Boston Society of Medical Sciences, 1900, v, 
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Sustained voUtional tetanus. 


Subject. 


Date. 


Observer. 


Height 
of initial 

lion. 
cm. 


H«ght 

3 mm. 


SoTenest. 


During 
work. 


1-3 hoars 
after work. 


12 hours 
after work. 


A. L.R. 


189a 


M. D. C. 


8.S 


2.4 


Yes 


No 


No 


F. Y. 

B. W. H. 


- 


" 


8.3 
6.9 


56 
28 


Yeal 
No 


No 

No 


Very 
slight 


M. G. C. 


- 


•• 


6.9 


1.9 


Slight 


No 


No 


G. E. F. 


- 


" 


6.6 


1.7 


Yesl 


Yes 


Yes 


M. F. S. 


- 


«■ 


&0 


2.6 


i 


? 


Yes 


M. B. 


_ 


" 


S6 


2.1 


Yes 


No 


No 


B. B. W. 


- 


.. 


5.5 


1.7 


Yes 


No 


No 


A.L.D. 


- 


" 


5.4 


1.4 


No 


No 


Yes 


A. F. H. 


- 


" 


S.0 


16 


? 


No 


No 


J.A.B, 


- 


" 


S.0 


1.3 


No 


No 


No 


J.T. 


- 


" 


4.5 


08 


Ve» 


Yes 


Yes 


M. D. C. 


- 




4.2 


1.4 


No 


No 


No 


M. P. 


_ 


- 


3.5 


1.4 


Slight 


NO 


No 


T. H. 


1901. 
Mar. 15 


H. W. 


&S 


2.9 


Yes! 


Yes 


Yes 


G. L. S. 


" 22 


" 


5.7 


- 


No 


No 


No 


•* 


" 29 


" 


56 


1.4 


Yes 


No 


No 


C. A. B. 


Apr. 11 


" 


5-4 


13 


Ve* 


No 


No? 


U. M. T. 


" 23 


■• 


5.3 


2.2 


Yes 


No 


Yes 


M. J. S. 


« 10 


" 


4.7 


2a 


Yes 


Slight 


No 


F.C. 


Mai. 25 




4.6 


- 


Yes 


Yet 


No 


H. W. 


" 29 




46 


1.5 


Yes 


No 


No 


S.L.S. 


" 25 


4.2 


- 


Yes 


Slight 


No 


E. M. S. 


" 28 


4.1 


1.2 


No 


No 


No 
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TABLE 1 {tenliiiiuii). 



Subject. 


Dale. 


Observer. 


Height 
of inftial 
contrac- 
tion. 


Height 

3min. 
cm. 


Soreness. 


During 
work. 


1-3 hours 
after work. 


12 hours 

after work. 


H. W. 


1901. 
Apr. 1 


H. W. 


3.9 


1.4 


Yea 


No 


^No 


" 


Mar. ZZ 


" 


3.9 


1.2 


Yes 


No 


No 


E.P. 


Apr. 8 


'• 


3.8 


0.8 


Ye»r 


Yes 


Yes 


-'""1=^ 


Subject. 


Date 


Observer. 


Height 

of initial 

tion. 


-if' 

fatigue 
level. 


So„„„. 


"J 


1-3 hours 
after work. 


12 hours 
after work. 


M. r. s. 


1900. 


S. A. C. 


7.8 


5.5 


No 


No 


Yes 


H. M. M. 


- 


" 


7.S 


4.3 


Yes 


No 


No 


J. I. G. 


- 


" 


5.5 


3.5 


No 


No 


Yes! 


M. Bd. 


- 


" 


S.5 


2,5 


No 


No 


No 


A. L. D. 


- 


" 


4.8 


28 


No 


Slight 


No 


S. A, C. 


- 




4.5 


1.8 


No 


No 


No 


C. N. R. 


- 


" 


4.0 


25 


No 


Slight 


Vesl 


M. H. H. 


- 


" 


3.0 


2.0 


No 


No 


No 


T. H. 


1901. 
Apr. 26 


C. L, G. 


6.2 


3.0 


■ No 


No 


Yes 


C. S. M. 


" 17 


" 


iA 


S.l 


No 


No 


Yes 


A. L-R. 


" 17 




5.7 


3.7 


No 


No 


Slight 


G. G. W. 


Mar. 27 




5.4 


2.8 


No 


No 


Yea 


G. L.S. 


" iS 


" 


S,2 


2.7 


No 


No 


No 


E.L.S. 


Apr. 13 


'• 


4.7 


3.0 


No 


No 


No 


G. L.S. 


May 8 


■' 


4.5 


2.1 


Yes 


No 


Slight 


H, S. M. 


Mar. 21 


" 


4.4 


2.8 


No 


? 


? 
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TABLE I {cmtinued). 



Subject. 


Date. 


ObBerrei. 


Height 

of initial 

tioD. 


fatigue 
level. 


so,™™. 


work. 


1-3 hours 


12 houra 
after work. 


B. P. E. 
H. Bd. 

C. A. B. 
A.W.P. 
0. P. 
M. M. F. 


1901. 
Apr. 9 

" 9 

" 30 

Mar. 28 

Apr. 9 

" 17 


C. L.G. 


4.4 
4.1 
Z& 
3.4 
3.4 
Z.4 


2.2 
2.1 
23 
1.5 
1.8 


No 
No 
No 
No 
No 
No 


No 

No 
No 
No 
No 
No 


No 

Very 

SliJt^t 

No 

No 

No 




A.L.R. 

F. Y. 
A. B. 
C. S. M. 

G. I.F. 
A. 0. B. 
M. G. 
A. C. H. 
E. M. M. 
KB. S. 
M.H.H. 

M. K. K. 

C. L.G. 
L-N. 


i9oa 

1901. 
Apr. 26 

" 30 

" 26 


G. L. F. 
C. L.G. 


9J 

RO 
7.9 
6.9 

5.6 
5.5 
4.5 
4,5 
43 
3.2 


8.0 
6.6 
6.9 
6.8 

3.0 
5.0 
3.5 
3.2 
2.9 
2.4 


No 

No 

No 

No 

No 

Ye» 

No 

Slight 

No 

No 

Ye. 

No 
No 
No 


No 
No 
No 
No 
No 
No 
No 
Ve« 
No 
No 
Yes 

No 

No 
No 


Yes 
Yes 

Yes 
Yes 
Yes 

Slight 

No 

Slight 

No 

No 

Yes 

Slight 
Yesl 
No 
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TABLE I [€i>ntin«id). 



"'"■»l=!^ 


Subject. 


Date. 


01»er»er. 


Height 
of inftial 

lion. 


"'j" 
'?=■£■ 


Sor«.e«. 


During 


1-3 honra 


12 hours 
after work. 


T.H. 


190a 


T.H. 






No 


No 


Yea 


M. D. R. 


- 


M. D.R. 


53 


2.0 


No 


No 


Yes 


M. D. R. 


_ 


" 


4.7 


29 


No 


No 


Yes 


E. B. S, 


- 


" 


4.4 


1.7 


No 


? 


Yea 


M. D. C. 


- 


" 


4.4 


1.4 


No 


No 


Yea 


N. G. D. 


- 


" 


4.3 


2.4 


No 


No 


No 


C.N.R. 


~ 


" 


3.8 


1.9 


No 


No 


Slight 


T.H. 


1901. 

Apr, IS 


G. L. S. 


6.4 


4.1 


No 


No 


Ym 


A.1-R. 


May 8 


" 


as 


5,4 


No 


No 


Yes 


C.SM. 


Apr. IS 


" 


8.0 


6.1 


No 


No 


Yes 


B. W. H. 


Mar.» 


" 


f>a 


4J 


No 


No 


Ye* 


G.L.S. 


" 15 




6.0 


Z3 


No 


No 


Yes 


E.LS. 


Apr. 8 




5.8 


4.S 


No 


No 


Slight 


C.L.G. 


May 6 


" 


5.6 


3.5 


No 


No 


No 


H. W. 


Mar. 29 


" 


S.S 


3.4 


No 


No 


Slight 


E. L. S. 


" 22 


" 


SJ 


3.4 


No 


No 


Yeal 


S. L.S. 


Apr. 8 


" 


5.3 


3.0 


No 


No 


Yea 


H.W. 


Mar. 25 




5.2 


3.5 


No 


No 


No 


G.1-S. 


" 25 


" 


5.0 


2.5 


No 


No 


Yea 


C.L.W. 


" 28 




4.9 


3.1 


No 


No 


Very 


G.1„S. 


Apr. 18 




4.6 


2.3 


No 


No 


slight 
Yea 


C.A.B. 


" 22 




4.S 


2A 


No 


No 


Yes 


G.LS. 


May 6 




4.4 


22 


No 


No 


Slight 
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Subject. 


Date. 


Observer. 


Height 

of initial 




Soreness. 


During 
work. 


1-3 hours 
after wort. 


12 hour^ 
after work. 


A. W. P. 

B. P. E. 
E.P. 
H.D. 


1901. 
Mar. 29 

Apr. 11 

" 22 

" n 


G. L. S. 


43 

3.0 
3.0 
2.1 


2.9 
2.4 
2.0 
1.S 


No 
No 
No 

No 


No 
No 
No 
No 


Slight 
No 
Ve. 
Yw 



2. The first kind of soreness is especially characteristic of sus- 
tained tetanic contractions and rarely occurs with the rhythmic con- 
tractions used in these experiments. 

3. The second kind of soreness is comparatively rare after tetanic 
contractions, but very frequently occurs after rhythmic contractions. 

4. It is especially noteworthy that, while the first kind of soreness 
is most marked where fatigue is greatest (sustained tetanus), the 
second kind not only follows the less fatiguing work of the usual 
rhythmic ergographic experiments, but may appear in very intense 
form after experiments with the slow rhythm {— = ' t which 

show relatively slight diminution in the height of contraction, as the 
experiment proceeds. To this point we shall return ; for the present 
it is desired to emphasize the fact that the intensity of the second 
kind of soreness not only does not vary with the intensity of fatigue, 
but seems, on the contrary, to be an entirely independent phenomenon, 

5. Both kinds of soreness are, in general, much more marked with 
those muscles which give the strongest (highest) contractions. 

6. While the second kind of soreness followed experiments of the 

rhythm -= = f '■ in 85 per cent of the cases, it followed those of 

^ ^1 sec. •* ^ 

the rhythm -p = ■' in only 45 per cent. 

In certain subjects of experiment the same muscle was used at 
different times with different forms of contraction. T^ble II gives 
the results in these cases for convenience of comparison and will be 
found to support the above conclusions in a very striking manner. 



Digitized oyGOOgIC 



86 



Theodore Hougk. 



Each " yes," " no," or " slight," indicates a separate experiment. 
The subjects are arranged in general in the order of the strength of 
pull exerted. 



Showing the occurrence of 
worked with more than 

kinds of coDlraction Ihe results 



TABLE II. 
after ten or more tiours 
rhythm. Where marked 



those muscles which 
followed all 



Snbjecl. 


Tetanus. 


Isec. 
Isec. 


Isec 
9 sec 


i«c. 
Isec 


T. H. 


Yet 


Yti 


Ytt 


Yet 


C. 8. M. 




Yt, 


Ytt 


K« 


F. Y. 


Very slight 




Ye« 




A. T. R. 


No 


Slight 


Yes 


Yea 


B. W. H. 


No 






Yes 


G.L.F. 


y« 




Yt, 




M. F. S. 


Yes 


Slight 






G, I-G. 




No 


Yes 


1 No 


A.L.D. 


Yes 


Slight 






G. L.S. 


No, No 


No. Slight 




Yes. Yes, Ye^ Yes 


E. L. S. 




No 




Slight, Yes 1 


H. W. 


No, No, No 






Slight? 


C. A. B. 




Slight 




Yes 


C.N.R. 




Yes 




Slight 


S. L. S. 


No 






Yes 


A. W. P. 




No 




Slight 


E. P. 


K« 


Yts 




Yes 


B. P. E. 




No 


No 




M. H. H. 




No 


Ye 
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Discussion of Results. The Nature of the Two Kinds of 
Soreness. 

The above results are worthy of attention because of the light 
which they throw on the nature of muscular soreness, and from their 
bearing upon the technique of ergographic work in general. It will 
be convenient to discuss these two phases of the matter separately. 

The muscular soreness which for the want of a better term we 
have simply called " the first kind " and which so frequently appears 
during sustained tetanus would seem to be closely associated with 
the phenomena of fatigue. Upon this basis it presents little diffi- 
culty of explanation. We know that waste products accumulate, first 
within the sarcolemma and subsequently in the interstitial lymph 
spaces of the muscle. Loeb ' has shown, moreover, that when an 
excised muscle has been thrown into activity the osmotic tension 
within the muscle fibre increases, as is shown by its increase in 
weight when placed in a solution of sodium chloride isotonic with 
the contents of a resting muscle. It would seem, in view of these 
facts, that until the blood and lymph currents are able to remove the 
diffusible wastes from the muscle, there must be more or less cedema 
in the organ. Whether the pressure of the swollen muscle fibres 
upon the sensory nerve endings is to be regarded as the cause of the 
soreness, or whether we are dealing with chemical stimulation of 
these nerve endings, or whether both causes take part in the sore- 
ness must for the present be left undecided ; if the former is the only 
cause, the thickness of the muscle fibre must obviously be greater 
than it is in a maximal contraction, where no such soreness is felt. 

In the experiments made in 1901, measurements were made of 
the girth of the forearm before and after the experiment. Four 
marks were made on the skin over the belly of the flexor muscle so 
as to get the measurements at the same places. The results on the 
whole have been unsatisfactory; it is, however, of interest to note 
that whereas the measurements following rhythmic contractions 
showed at times an increase, and at other times no change at all, 
sustained tetanus was always followed by an increase of girth, vary- 
ing from 3 to 6 mm. On the other hand, equally large increases 
were sometimes observed after rhythmical work and when no sore- 
ness whatever was present. 

• Loeb : Archiv fiir die gesammle Physiologic, 1894, Ivi, p. 270. 



„Google 



88 Theodore Hough, 

If this soreness, then, be caused by the same conditions which 
produce fatigue, namely the presence of the diffusible waste products 
of activity we should expect to find, as we do find, that it takes the 
course described above, passing away within very few hours of the 
work itself. One other peculiarity of this soreness may also be 
urged in support of our explanation of its cause. It will be remem- 
bered that it was a common experience to find that the pain accom- 
panying the work of sustained tetanus ceased altogether with the end 
of contraction, while lameness developed to a marked degree during 
the following half hour or more. This would mean that the pain 
felt during contraction is partly due to the pressure of the contracted 
and now somewhat swollen muscle fibres on sensory nerve endings; 
the release of this element of pressure by the cessation of contraction 
brings temporary relief; the greatly increased blood-flow, however, 
which follows the relaxation of the muscle now gives for a time the 
osmotic conditions favorable for the absorption of water by the fibres, 
with the return of pressure on their nerve endings. This alone may 
be enough to produce soreness, which i.s greatly increased, of course, 
should the muscle be contracted while in this condition. 

In any case, we should expect the lameness to pass away, as it 
actually does with the removal of the diffusible waste products by the 
blood current. Attention may also be called to the fact that we 
should expect the soreness to be greatest in the stronger muscles. 

Passing now to the second kind of soreness, I think that the facts 
already given show clearly that it is not a phenomenon of fatigue. It 
occurs least frequently where fatigue is greatest, that is to say, in 
sustained tetanus; it rarely follows rhythmic contractions which 
show marked fatigue, that is to say in those tracings in which the 
fall to the fatigue level was rapid and the fatigue level itself was low ; 
it has appeared in a most severe form with slow rhythms where the 
fall in the height of contraction was least of all ; and it makes its 
appearance at a time when we should expect the conditions of fatigue 
to be entirely removed. The two processes, in other words, run an 
entirely independent course. 

On the other hand, it may appear after any kind of muscular work, 
especially if the height of contraction be very great, thus subjecting 
the muscle to great tension.^ It follows some kinds of work, however 
more readily than others. It almost always appears to a greater, or 

' This statement, of course, refers to the height of contraction in our ergo- 
graphic experiments, which involves correspondingly increased tension. 
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less degree after experiments with the rhythm -p = | '-; in a 

smaller but still large per cent after experiments with the rhythm 

^ = ■'; in a much smaller percentage after experiments with 

iS 9sec _ 

the rhythm -= = ~\ and least frequently after sustained 

^ . -^ R I sec. ' 

tetanus. 

It varies directly with a combination of two factors ; the sudden- 
ness and the height of the contraction. The relation between the 
height of contraction and the frequency of soreness has already been 
pointed out. As to the suddenness of contraction, it will be seen 
that soreness is more frequent with the rhythm \ sec. : ^ sec. than 
with the rhythm i sec. : i sec, where the number of contractions 
in a unit of time is the same but where more time is allowed for 
shortening. Any one who has used these two rhythms is acquainted 
with the entirely different psychical effect they produce; in the 
former the subject feels somewhat hurried, in the latter, that there 
is ample time ; the result is that with the former rhythm the con- 
traction inevitably assumes the form of a jerk, — with the latter it is 
slower and more deliberate. 

It will be at once suggested that the results with the slow rhythm 

•= = '■ do not bear out this view of the case. Experience, how- 

R 9 sec. 

ever, will show that this is not the case. The subject seems to be 
unconsciously afraid that when the tenth second comes, he will not 
make the best of his opportunity, and he accordingly puts so much 
effort into the contraction, that he gives it in almost all cases the 
form of a jerk. I am sure, from watching the experiment in some 
cases where the resulting soreness was very marked, that this is true ; 
moreover, in one experiment which I have myself made with this 
rhythm upon an untrained muscle and in which special care was 
taken to avoid the jerk form of contraction, the resulting soreness 
was comparatively slight. It must also be remembered that this 
rhythm adds the other factor which we have seen to be so closely 
associated with the production of soreness, namely the higher con- 
traction, or greater tension. 

It seems that not only are these facts all explained on the assump- 
tion that the second kind of soreness described in this paper has its 
origin in some sort of rupture within the muscle itself, but that this 
assumption explains other things which have been observed. It 
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will be remembered that the initial experiment with an untrained 
muscle showed a continuous fall in the height of contraction, but 
that this fall presented frequent sudden diminutions in the height 
of contraction, from which there was Httle or no subsequent recovery 
on passing to a slower rhythm. This is in striking contrast to the 
result with trained muscles; their curves are strikingly regular 
under favorable conditions and on passing to the slower rhythm the 
contractions reach the height of the initial contraction in some ten 
minutes; indeed, they almost reach this level in two minutes. If 
now in the untrained muscle, owing to the rupture either of the 
muscle fibres themselves, or of the connective tissue which transmits 
the pull of the fibre to the tendon, certain fibres are thrown out of 
play, the working cross section of the muscle will be to that extent 
diminished; the height of the later contractions against a spring 
will be determined not only by the conditions of fatigue but by the 
diminished number of effective fibres; as these ruptures take place 
there will be sudden falls in the height of contraction ; the slight 
recovery noticed upon passing to the slower rhythm is due to the 
amelioration of fatigue conditions, but complete recovery is impos- 
sible. This view of the case is further borne out by the facts that 
the height of the initial contraction on the following day is much 
lower than in the first experiment of the series, and that the fatigue 
level is no higher, indeed is practically the same as the final con- 
tractions of the first experiment, (See Fig. i.) 

The history of the soreness itself, its appearance only some hours 
after the tracing, the very painful character of maximal contractions 
while the muscle is in this condition, the disappearance of the sore- 
ness upon continuing these contractions, and its subsequent reappear- 
ance some hours later, all present the familiar picture of the forma- 
tion of adhesions in the process of repair and the painful breaking 
up of the same adhesions by movement of the afiTected part. Simi- 
larly the recovery observed when rest is given point in the same 
direction, and suggest analogous experiences with a sprained pint. 
It gives me pleasure to acknowledge my indebtedness to Dr. P. M, 
Dawson, of Johns Hopkins University, for useful suggestions in this 
connection. 

Special attention may also be directed to the fact that the first 
few contractions of the muscle which is "out of training" show but 
little diminution in working capacity as compared with that of the 
same muscle in training. (See Fig. i.) The fibres of the untrained 
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muscle are not weaker, so far as our evidence goes, than those of 
the trained muscle. 

Why the muscle not in training should act as it does, suffering 
rupture of its structure, if our explanation be correct, is not clear. 
It may be suggested, however, that the efficiency of the muscle as 
a working machine depends, not only on its cross section and on 
the strength of the individual fibres, but also on the perfection in 
the coordination of their work; they must work together to exert 
the greatest pull. This, in turn, depends on the coordination of 
their innervation, and suggests that the rupture is due to the un- 
even action of the stimulating neurones ; if, for example, the group 
of fibres innervated by one motor nerve fibre receive their maximal 
stimulation while the neighboring fibres, innervated by a second 
neuron, fail of stimulation or receive a decidedly weaker stimulus, 
it is probable that the strong contraction of the former group would 
rupture their connective tissue attachment to the second group and 
thus initiate the phenomenon of soreness. A muscle out of training 
would thus difier from one in training not in the condition of the 
muscle itself but in that of its innervating mechanism. Many facts 
which I have noticed, and some of which I have already given, might 
be urged in support of this view ; but to discuss the matter at length 
would lead us too far into regions of speculation for the pages of 
this journal. 

The bearing of these results upon the technique of ergographic 
work is obvious. The first kind of soreness (that which accompanies 
or immediately follows work) is a disturbing factor where the ergo- 
graph is used for the study of fatigue only in so far as it interferes 
with the continuance of maximal volitional innervation. The second 
kind, which we have explained as involving actual rupture within 
the muscle, is much more serious. Even if we trace it to the fatigue 
of nerve cells, the tracing gives no intelligible record of such fatigue. 
A more important matter is the fact that the diminution in the 
working capacity of the muscle is due not to fatigue alone but to 
other causes as well; the tracing becomes a record, partly of fatigue, 
partly of the results of muscular lesions; or, without insisting upon 
our explanation of the cause of soreness, the experiments given 
above leave no doubt that it must be sharply distinguished from 
fatigue. No ergographic experiment, therefore, which is followed 
by the least soreness (of the second kind) is trustworthy in the study 
of simple neuro-muscular fatigue. Such experiments must be made 
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on trained muscles, that is to say, upon muscles which can be de- 
pended upon to give typical fatigue curves with the establishment 
of a fatigue level; and in testing the influence of any agent such 
as temperature changes, barometric pressure, humidity, smoking, 
stimulants, special food-stuffs, etc., upon simple neuro-muscular 
fatigue those experiments which are complicated by soreness should 
be rigorously excluded. Not only this, but the muscle should in all 
cases be tested for soreness in the period beginning twelve hours 
after the completion of the experiment. This is all the more im- 
portant in view of the fact that the abnormal condition of the muscle 
frequently escapes notice, unless attention is specially directed to it 
by making it work or by over extension. 

SUMHARY OF RESULTS AND CONCLUSIONS. 

In addition to the results already given on pages 80 and 85, we 
may add : 

1. The first kind of soreness would seem to be due to the same 
causes as those which produce fatigue, namely the presence of the 
diffusible waste products of activity. 

2. There are reasons for thinking that the second kind of soreness 
is fundamentally the result of ruptures within the muscle. 

3. When the ergograph is used to study fatigue, all experiments 
which are followed by soreness of the second kind should be ex- 
cluded ; and in all such work the muscle should be tested twelve or 
more hours later for soreness by contracting it gainst resistance and 
by over extension. 
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COMPREHENSION of function is dependent on knowledge of 
structure and composition. The influence of any tissue on 
the other parts of the body is more easily understood as our appre- 
ciation of the varieties and relations of its constituent elements in- 
creases. Elastic tissues have received little analytic attention. They 
have been overlooked by reason, apparently, of their seeming meta- 
bolic passivity and because they serve mainly mechanical functions. 

The earlier observers regarded the cervical ligament as an extra- 
vascular tissue, for the most part, with practically no special chemical 

' Some of the results of this research have already been given in the Proceed- 
ings of the American Physiological Society : This journal, 1900, iii, p. v. ; 1901, 
V, p. xi. 

93 



,y Google 



94 ^- N- Richards and William J. Gies. 

activity and believed that it consisted almost wholly of the albumi- 
noid dastin. Recently, however, it has been found in this laboratory ' 
that the ligamentum nuchse of the ox contains not only the large 
percentage of water and elastin, and the slight amounts of inorganic 
matter, collagen, and fat assumed to be present by the earlier investi- 
gators, but also appreciable quantities of mucoid," coagulable proteid 
and crystalline extractives. These later results indicate that the 
production of elastin is the feature of ligament metabolism, and 
they indicate, further, that the chemical changes normally occurring 
in yellow elastic tissue are greater than had been supposed. 

Wc have recently subjected the various constituents of elastic 
tissue to a somewhat detailed study. The particular form of tissue 
from which the constituents were prepared in all our experiments 
was the ligaraentum nuchse of the ox, 

I, Ligament Elastin. 

Pr«paration. Historical. — Tilanus * was probably the first to 
analyze elastic tissue. In his earlier preparations of " pure tissue" 
small pieces of the cervical ligament of the cow were first extracted 
in cold water to remove traces of blood and inorganic matter, and 
then dehydrated (and fat eliminated) with alcohol and ether. This 
product was hardly anything better than "prepared" ligament. In 
a second preparation he extracted in boiling dilute acetic acid in 
addition. Extraction with the acid doubtless removed all of the 
coagulable proteid and most of the collagen, but probably left behind 
most, or at least much, of the mucoid. The residue prepared in this 
way (after thorough removal of acid by washing in water and then 
dehydrating), unlike the product obtained by the first method, was 
said to be free of sulphur. Tilanus assumed it to be a pure chemical 
substance — elastin — and gave it the formula CjjHggN,,0i4. ^" 
both of the methods used by Tilanus the tissue extractives were 
doubtless completely eliminated. 

W. Miiller* improved Tilanus's methods by adding treatment in 
boiling dilute alkali and cold dilute mineral acid to the preparation 

> Vandegrift and Gies: This journal, i9or, v, p. 287. 

* We use the word " mucoid " in the sense first suggested by Cohnheiu. See 
Cutter and Gies : This journal, 1901, vi, p. 155 (foot-note). 

■ TiLAKVs : See Mulder, Versuch einer allgemeinea physiologischen Cheroie, 
Zweite Halfte, 1844-51, p. 595. 

* W. MOller: Zeilschrift fiir rationelle Medicin, drilte Reihe, 1861, x, p. 173. 
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process. He aUernately boiled finely divided ligaraentum nucha 
from the horse and ox in dilute acetic acid and in dilute potassium 
hydroxide, and then extracted in cold dilute hydrochloric acid.^ 
Such treatment tended to remove the residual collagen and all of the 
mucoid, but also favored decomposition of the elastin. Miiller states 
that his purified product was fibrous in microscopic appearance and 
seemed to be unaffected by the alkali treatment. 

Horbaczewski' made still further modification of the method used 
by Miiller by introducing repeated extraction of the cervical liga- 
ment of the ox in boiling water. The treatment in boiling water 
thoroughly transformed insoluble collagen into soluble gelatin al- 
though it made subsequent extraction of coagulated proteid more 
diSicult. Horbaczewski continued all of his extractions for longer 
periods than any of his predecessors. Subsequently, Chittenden and 
Hart,^ commenting on Horbaczewskl's work and the method of 
elastin preparation used by bim wrote as follows : " So vigorous is 
the method of treatment, that it appears almost questionable whether 
a body belonging to a group noted for ease of decomposition might 
not suffer some change in such a long process of preparation." 

Chittenden and Hart* compared elastin made from the ligamentum 
nuchx of the ox by Horbaczewskl's method with that obtained in 
their own process, which was the same except that the substance 
was not extracted in alkali. The chief difference noted was that the 
elastin which had been treated with potassium hydroxide contained 
no sulphur, whereas that which had not been extracted with alkali 
contained 0.3 per cent. For the first time the danger in the use 
of hot alkali was appreciated and pointed out.^ At the same time 
the probable presence of mucoid was overlooked. There is no 
reason for believing that the mucoid could have been completely 
removed from the tissue pieces without the aid of alkali. 

Bergh* recently obtained elastin from the cervical ligament by 
Horbaczewskl's method, but added, also, digestion in pepsin-hydro- 

> This was the method then commonly used for the preparation of resistant 
tissue elements like cellulose and chitin. 

' Horbaczewski : Zeitschrift fiir physiologische Chemie, 1S82, vi, p. 330. 

* Chittenden and Hart: Studies from the Laboratoiy of Physiological 
Chemistry, Yale University, 1887-88, iii, p. 19. 

* Chittenden and Hart: Loc. cit. 

' Objections had also been raised from another standfroint by Zollikofbr : 
Annalen der Chemie und Pharmacie, 1853, Ixxxii, p. [69. 

* Bergh : Zeitschrift fiir physiologische Chemie, 1898, xxv, p. 337. 
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chloric acid. Elastin is readily digestible in gastric juice,' however, 
so that this modification of treatment could hardly have dissolved 
very much that the acid and alkali did not remove, except elastin 
itself. Aside from determining the presence of sulphur in his own 
preparation of elastin and in Grijbler's (a commercial product from 
the same source and prepared by Horbaczewski's method), Bergh 
made no attempt to ascertain the elementary composition of ligament 
elastin. 

The ligament clastins made in various studies of this albuminoid 
by other observers (whose analytic results are referred to below), 
were all from the same source — ligamentum nuchx of the ox. 
Morochowetz' made his products by Miiller's method. Stohmann 
and Langbein ^ obtained theirs by the Horbaczewski process. Zoja,' 
Mann,^ and Eustis* each used the method of Chittenden and Hart. 

The following summary gives the average analytic results for 
percentage composition of the ash-free products prepared from liga- 
ment by the above methods.' 

Method of preparalion. C H N S O 

{a) Not extracted with acid 54.65 7.26 17.41 a34 2034 

(«) Extracted with acid 55,65 7.41 17.74 .... 19.20 

MiJLLER* Extracted with hot alkali .... 55.46 7.41 16.19 .... 23.94 

Horbaczewski* Extracted with hot alkali .... 54.32 6.99 16.75 .... 21.94 



z : St. Petersburger medicinische Wochenschrift, neue Folge, 
1386, iii, p. 135- 

' Stohmakn und Langbein : Journal fiir praktische Chemie, neue Folge, 
[891, Ixiv, p. 353. 

* ZojA : Zeitaclirift fiir physiologische Chemie, 1897, itxiii, p. 236. 

* Mann: Archiv fiir Hygiene, 1899, xxxvi, p. 166, 

" Chittenden (for Eustis) : Proceedings of the American Physiological 
Society, 1899, This journal [900, iii, p. xxxi. 

' For the composition of elastins from other sources than ligament see Vande- 
GRiFT and Gies, loc. cit., also Cohnheim: Chemie der EiweisskArper, 1900, 
p. 293. We have no occasion in this review to refer to elastins which were not 
analyzed. Various observers have engaged in chemical studies of elastin without 
satisfying themselves of the purity of their products. 

■ Mt'LLER found 0.08 per cent of sulphur in his elastin, but assumed it to be 
due to accidental impurity. 

* The analytic results credited to Etzinger by Charles in his "Elements of 
Physiological and Pathological Chemistry " (1884, p. 129), were those obtained by 
Horbaczewski- Etzinger made no analyses of ligament elastin. See Zeit- 
schrift fiir Biologic, 1874, x, p. 84. 
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Method af preparation C H N S O 

MoROCHowETz' Eitracled with hot alkali . . , . ? f ? 0-63 ? 
Chittkndek and Hart; 

[a] Prepared by Horbaczenski's method 54.24 727 16.70 21.79 

(i) Theirown,withoutextractioniiialkali 54.08 7.20 16.85 OJO 21.57 
Stohhann and Langbein; 

Extracted with hot alkali .... 55.03 7.20 16.91 0.18 20A8 

ZojA Not wttracied with hot alkali . . . ? f 16.96 0.28 ? 

Mann Not eitracted with hot alkali . . . i ? 16.52 i i 

EosTis* Not eitracted with hot alkali . . , 54.42 7.40 16.65 0.14 2139 

It will be observed, from the preceding statements and summary, 
that as a general rule extraction with hot alkali resulted in the prep- 
aration of a sulphur-free product. On the other hand, methods which 
did not include alkali extraction gave dastins containing sulphur. 
The exceptions resulted, probably, when the alkali treatment was 
not as prolonged or thorough as customarily. 

That treatment in hot alkali is apt to cause decomposition is now 
almost self-evident. Referring to this subject, Chittenden and Hart 
stated that " treatment with acid of the alkaline solution obtained in 
preparing elastin by Horbaczewskt's method, plainly showed the 
presence of hydrogen sulphide." Did this sulphur come from the 
elastin and is elastin a sulphur-containing body, or did it arise from 
another substance originally in the ligament?^ 

The only constituents of elastic tissue which seem to require 

• It has been shown by Chittenden and Hart that in clastoses there is a 
diminution of the content of carbon, and an increase in the content of oxygen, pro- 
portional (o (he extent of proteolysis. In spite of this fact, Morochowetz's analy- 
ses of etastose gave the following results : 

C H N S O 

55.90 7.29 16.68 a62 19.50 

He did not completely analyze the original elastin — only sulphur was determined 
as given above. It seems necessary to conclude that the elastin used by MoRo- 
CHOWETZ was an impure product and that the figures above for sulphur are 
inaccurate. 

* EUSTis made only a partial analysis. We are greatly indebted to him for a 
sample of his product, from which we obtained the remaining results. The 
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treatment with alkali, in addition to acid, in order to effect their 
complete solution are mucoid, and traces of nucleoproteid. These 
bodies as they are situated, resist the action of acids, the former 
particularly, and their removal from compact tissue particles is easy 
only when alkali is used. They are readily soluble in cold dilute 
lime-water, which has no effect on the elastin.^ 

Improved method. — -Our improved method of preparing ligament 
elastin includes extraction in cold lime-water instead of destructive 
treatment with boiling potassium hydroxide, and may be given briefly 
as follows: Ligamentum nuchae was cut into strips, these very finely 
minced in a meat chopper' and the resultant hash thoroughly washed 
in cold running water for from twenty-four to forty-eight hours. Traces 
of blood, lymph, and much coagulable proteid, with extractives, were 
removed in this process. The finely divided tissue was then thor- 
oughly extracted for from forty-eight to seventy-two hours in large 
excess of cold half-saturated lime-water, renewed occasionally, for 
complete removal of residual simple proteid,' and also mucoid and 
nucleoproteid. After the alkali had been thoroughly removed by 
washing in water, the minced substance was boiled in water, with 
repeated renewals, until only traces of dissolved proteid (elastoses) 
could be detected in the washings. The tissue was then boiled in 
ten per cent acetic acid for a few hours, treated with five per cent 
hydrochloric acid at room temperature for a similar period, again 
extracted in hot acetic acid and in cold hydrochloric acid, finally 
washed free of acid in water, and then kept in boiling alcohol and 

> It will be remembered that half-saturated lime-water and very weak alkaline 
fluids of approximately the same strength have been repeatedly used for extractive 
purposes in the past because they manifest no destructive action on compound 
proteids and albnminoids at room temperature. 

* The ordinary hashing machine can be very advantageously used for this pur- 
pose. It not only finely divides the tissue but also lends to loosen the fibres in all 
of the panicles, and thus greatly favors extraction of intertibrillat substance. 
Previous observers make no mention of the use of special mincing apparatus. In 
some of the preceding work the ligament was merely cut into small pieces with a 

* Out results with the simple proteids of ligament (page I f3) suggest that in tlie 
preparation of elastin due regard must be paid to the fact that the fresh ligament 
contains at least 0.6 per cent of soluble and coagulable proteid. It certainly can- 
not be an easy matter to remove all this from the fibrous meshwork, particularly 
after the tissue has been boiled in water, and possibly some of the variations in 
the figures reported for the composition of elaslin and the nature of its decom- 
position products may be due to such impurity not completely eliminated. 
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ether until dehydration was complete, and all fat and extractive 
substance had been removed.' 

The elastin particles prepared in this way were soft and porous 
and could easily be ground in a mortar to a cream -colored, very light 
powder' Under the microscope the particles were seen to consist 
uniformly of typical elastic fibres. No extraneous matter was held 
in the meshes of these. 

In order to study the effect of the above modified method of prep- 
aration, as well as to obtain further information on the composition 
of elastin, we made several samples of elastin both by the Chittenden 
and Hart method and our own and subjected the products to com- 
parative analysis. The analytic methods employed were the same as 
those recently described in detail in a paper from this laboratory.' 

Biementarj oomposition. Pt«putition No. 1. — Preparations I— 4 were 
made by the Chittenden and Hart process as follows: Finely minced 
tissue (lOO grams) was boiled in water until practically nothing more 
dissolved.* This process required about ten changes of i litre of 
water and a total of seventy-five hours for completion. The sub- 
stance was next warmed in i litre of ten per cent acetic acid for one 
and one-half hours on a water bath. It was kept in the same fluid 
eighteen hours longer at room temperature and then boiled for four 
hours directly over a flame. The acid was then thoroughly washed 
out and the substance kept in five per cent hydrochloric acid for 
eighteen hours at room temperature. After the mineral acid had 
been thoroughly removed the treatment in the acids, with appropri- 
ate washing, was repeated. Finally, dehydration and removal of fat 
and extractive matter were effected in boiling alcohol-ether in the 
usual manner. The analytic results follow: 

Carbon and Hydrogen. 0.3909 gm. substance gave 0.5752 gro. COj and 
0.1906 gm. HjO = 53.93 per cent C and 7.28 per cent H ; 0.353S gm. 
substance gave 0.5078 gm. COj and 0.1659 H"^- H>0 = 54-S'^ (') P^' 

■ Further details will be found with each preparation under records of anatysis, 
pages 99 and loi. See also page 111. 

* Compare with the experience of Horbaczewski and of Chittenden and 
Hart, who evidently had not succeeded in completely dehydrating. 

' Hawk and Gies : This journal, 1901, v, p. 387. 

* One variation here from the Chittexden and Hart process is to be noted. 
We put the cleaned ligament through a hashing machine. The tissue used by 
Chittenden and Hart was " chopped quite fine." The more finely divided the 
tissue the easier and more complete the extraction, of course. See pages 98 and 104. 
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cent C and 7.26 per cent H; 0.2603 S^- substance gave 0,5159 gm. 

COj and 0.1703 gm. H,0 = 54-05 per cent C and 7.27 percent H; 

0.2591 gm. substance gave 0.5118 gni. CO, and 0.1681 gra. H,0 = 53-87 

per cent C and 7.21 per cent H. 
Nitrogen. 0,2909 gm. substance gave 0.0469 gm. N = 16.12 per cent N; 

0.3527 gm, substance gave 0.0565 gm. N — 16.01 per cent N. 
Sulphur. 1.2540 gm. substance gave 0.0153 gm. BaSO( — 0.17 j>er cent S; 

0.9790 gm. substance gave 0.0141 gm. BaSOi =^ 0.20 per cent S; 0.6661 

gm. substance gave 0.0119 Si»- BaSO^ = 0.25 per cent S. 
Ash. 0.4504 gm. substance gave 0.0038 gm. Ash = 0.S4 per cent Ash ; 

0.3424 gm. substance gave 0.0025 gm. Ash = 0.73 per cent Ash. 

pEKCBNTAGi Composition of the Ash-free Substance. 

Average. 
C .M3S .... 54.48 54.30 5438 

11 734 IM 7,33 7.Z7 7J2 

N 16.25 16.13 16.19 

S 0.17 a20 0.25 0.21 

O 21.90 

Proparatlon ITo. 2. 

Carbon and Hydrogen. 0.2572 gm. substance gave 0.5067 gm. COi and 
0.1702 gro. H,0 = 53-73 per cent C and 7.35 per cent H ; 0.3730 gm. 
substance gave 0.7383 gm. CO, and 0.2408 gm. HjO = 53-98 per cent 
C and 7.17 per cent H j 0.4186 gm. substance gave 0.2711 gm. HjO = 
7.32 per cent H ; 0.4614 gm. substance gave 0.9096 gm. COi and 0.2968 
gm. HjO = 53-77 percent C and 7.15 per cent H. 

Nitrogen. 0.4863 gm. substance gave 0.0811 gm. N = 16.67 P^' ""* f^ 1 
0.2892 gm. substance gave 0.0481 gm. N = 16.62 per cent N ; 0.2521 
gm. substance gave 0.0426 gm, N = 16.8S per cent N. 

Sulphur. 0.5535 K^"' substance gave 0.0089 S""- BaSOi = 0.22 percent S; 
0.7942 gm. substance gave 0.0112 gm. BaSOj = o.ig percent S. 

Aih. 0.5009 gm, substance gave 0.0030 gm. Ash = 0.60 per cent Ash; 
0.5364 gm. substance gave 0.0031 gm. Ash = 0.58 per cent Ash. 

Percentage Composition of the Ash-free Substance. 

C S4.0S 54,30 .... 54.09 S4.1S 



16.77 16.71 16.98 
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Proparatton No. 3. 

Carbon and Hydrogen. 0.2563 gm. substance gave 0.5101 gm. CO3 and 

0.1694 gm. HiO = 54-30 per cent C and 7.35 per c«nt H. 
Nitrogen. 0.3505 gm. substance gave 0.0550 gm. N = 16.64 P^"" ce"' N 

0.3577 K™- substance gave 0.0596 gm. N = 16,67 P^"" *^ent N. 
Sulphur. 1.1549 gm. substince gave 0.0128 gm. BaSOi = 0.15 per cent S 

<'-7953 g"!- substance gave o.oioo gm, BaSO^ = 0.17 per cent S. 
Ash. 0.6690 gm. substance gave 0.0045 E™- ^^ ^ ^-^t P^'' ^^''^ ^^h 

0.5783 gm. substance gave 0.003S gm. Ash = 0.66 percent Ash, 

Percentage Composition of the Ash-free Substance. 



1676 

ai6 



Preparation No. 4. 

Carbon and Hydrogen, a-'i^l'i gm. substance gave 0.5084 gm. CO, and 0.1671 

gm. HjO — 5393 per cent C and 7.33 per cent H. 
Nitrogen. 0.3386 gm. substance gave 0.0562 gm. N = 16.59 P^' c^"* N; 

0.2545 gm, substance gave 0.0426 gm, N = 16.71 per cent N. 
Sulphur. 0.9068 gm. substance gave 0.0163 8™- BaSO( = 0.35 per centS; 

t.0077 gm. substance gave 0,0163 gm. BaSO^ = o.»2 per cent S- 
Ash. 0.4931 gm. substance gave 0.0052 gm. Ash = 1.05 per cent Ash; 

0,4412 gm. substance gave 0.0050 gm. Ash = 1.13 per cent Ash. 

Percentaob Couposition of thb Ash-free Substance. 
C 54.52 S4i2 



Preparatlou No, 5. — Preparations 5-8 were made by our own 
method. 100 grams of ligament strips were washed in coM running 
water 24-4$ hours. The strips were next run through a hashing 
machine and the hash thoroughly extracted several times (for 3 days) 
in half-saturated lime-water. The last extract did not become turbid 
on acidification. The alkali was completely washed out of the hash 
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with water. The rest of the process — boiling in water, etc., was the 
same in time, order, and character as that for preparations 1-4. 

Carbon and Hydrogen. 0.244S gm. substance gave 0,4819 gm. CO, and 
0.1648 gm. HjO = 53-69 per cent C and 7.48 per cent H ; 0.2637 K^"- 
substance gave 0.5141 gm. CO, and 0.1776 gm. H,0 = 53-38 per cent 
C and 7.51 per cent H ; 0.4568 gm. substance gave 0.8933 gm. CO, and 
0.2916 gm. HjO = 53.27 per cent C and 7.09 per cent H. 

Nitrogen. 0.3735 8™- substance gave 0.0620 gm. N = 16.59 per cent N ; 
0.3430 gm. substance gave 0.0400 gm. N = 16,51 per cent N; 0.349S 
gm. substance gave 0.0417 gm. N = 16.69 P" '^^"' ^■ 

Sulphur. 1-0358 gm, substance gave 0.0119 K"'- BaSO, = 0.16 per cent S; 
0.5907 gm. substance gave 0.0075 S'"- BaSO, = 0.17 per cent S. 

Ash. 0.3943 gm. substance gave 0.0029 S"^- Ash = 0,74 per cent Ash; 
0.3907 gm. substance gave 0.0036 gm. Ash = 0.92 per cent Ash. 
Percbntage Composition of the Ash-free Substamci- 
C S4-M 53.83 5372 53.90 



N 16.73 1665 16,83 16-74 

S ai6 0-17 016 

O 21.78 

Piepuratlon ITo. 6. 

Carbon and Hydrogen. 0.3285 gm. substance gave 0.6550 gm, CO, and 
o.ai6i gm. H,0 = 54-38 per cent C and 7.31 per cent H ; 0.2539 gm- 
substancc gave 0.5036 gm. CO, and 0.1654 &^- ^fi = 5409 per cent 
C and 7.24 per cent H ; 0.3343 gm. substance gave 0.6662 gm. CO, and 
0-3303 H,0 ='54-3S per cent C and 7.33 per cent H. 

Nitrogen. 0.41 17 gm. substance gave 0.0701 gm- N = 17-03 per cent N; 
0-3965 gm. substance gave 0.0510 gm. N = 17.18 per cent N ; 0.3797 
gm. substance gave 0,0478 gm. N = 17.08 per cent N. 

Sulphur. 1.3763 gm. substance gave 0.0128 gm. BaSO, = 0.13 per cent S ; 
I.I255 gm. substance gave 0.0121 gm. BaSO, = 0.15 per cent S. 

Ash. 0.9630 gm. substance gave 0.0008 gm. Ash ^ o.o3 per cent Ash ; 
1.0330 gm. substance gave 0.0009 gm. Ash = 0.09 per cent Ash. 

PERCSm-AGK COHPOSITIOH OF THE ASH.FEIB SUBSTAKCE- 

C 54.43 54.14 54.40 S4J2 

H 7J2 7.25 7.33 7-30 

N 17.03 17.20 17.09 1711 

S 0.13 ai5 0,14 

O 21,13 
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PrapanitloD No. 7. 

Carbon and Hydrogen. 0-3584 gin. substance gave 0.5120 gm. COi and 

0.1685 8™- HjO = 54.04 per cent C and 7.25 per cent H. 
Nitrogen. 0.4656 gm. substance gave 0.0764 gin. N= 16.41 per cent N; 

0.4482 gm. substance gave 0.0744 gm. N = 16.60 per cent N. 
Sulphur. 0.8678 gm. substance gave 0.0096 gm. BaS04 = 0.15 per cent S ; 

0.8896 gm. substance gave 0.0080 gm. BaSOj = 0.11 per cent S, 
Ash. 0.5082 gm. substance gave 0.0038 gm. Ash = 0.75 per cent Asb ■ 

'^■3540 g™. substance gave 0.0030 gm. Ash = 0.85 per cent Ash. 

Percentage Composition of the Ash-freb Substakce. 



O 21,45 

Preparatloa Na. 6. 

Carbon and Hydrogen. 0.2552 gni, substance gave 0.5000 gm, COj and 

0.1666 gm. HjO = 53-43 per cent C and 7.25 pet cent H. 
Nitrogen. 0.3169 gm. substance gave 0.0536 gm. N = 16.90 per cent N 

0.4482 gm. substance gave 0.0431 gm. N = 16.84 per cent N. 
Sulphur. 0.8235 S™' substance gave 0.0087 %'^- BaSO* = 0.15 per cent S 

0.5679 gm. substance gave 0.0059 S™- I^^SOi = 0.14 per cent S. 
Aih. 0.4533 gm, substance gave 0.003s gm. Ash = 0.71 per cent Ash 

0.3851 gm. substance gave 0.0031 gm. Ash = 0.81 per cent Ash. 



RCBKTA 


E Composition of 


THE ASH-FK 


EB Substance. 


53.84 






53.W 



The results for elementary composition of our eight preparations 
are brought together in the appended general summary. No great 
differences in the average composition of the preparations of each 
group are to be found. In fact the general analytic harmony is very 
striking and rather unexpected. The significant feature is to be seen 
in the figures for sulphur. The quantity is slight throughout, n'itb 
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the content of sulphur in preparations 5-8 regularly lower than that 
of preparations 1-4,^ 

Generai. Summary of Euubntakt CoMPosrrioN. 



Ele- 
ments. 


Made by the melhod of Chiiten- 
DEM and Hart. 


Preparalions 5-8. 

Made by the melhod of Richards 

and Gtss. 


Geiri 

av. 


1 


2 


3 


4 


Ay. 


5 


6 


7 


8 


Av. 


C 
H 
N 

S 



54.38 
7.32 

16.19 
0.21 

21.90 


54.15 
7.26 
16.82 

a2i 

21.56 


54.67 
7.40 

16.76 
0.16 

21.01 


54.52 
7.30 

16.83 
0.24 

21.11 


54.43 
7J2 

16.65 
0.21 

21,39 


53.90 

7,42 
16.74 

0,16 
21.78 


S4.32 
7.30 

.,.„ 

21.13 


54.47 
7.30 

16.64 
0.14 

21.45 


53 84 
731 

17.00 
0.14 
21.71 


.54.14 
733 

16.87 
0.14 

21J2 


54.29 
733 
16.76 

0.18 
21,44 



The following summary affords ready comparison in this connection 
with related results for average elementary composition : — 

Ligament etastin : C H N S O 

HoEBACZEWSKi 54.32 6.99 16.75 .... 21.94 

Chittenden and Hart . . 54.08 7.20 16.85 0.30 21.57 

RiCMARia and Gies .... 54.14 7.33 16.87 ai4 21.52 

Aorta elastin : 

ScMWAEz' 54.34 7.08 16.79 038 21.41 

Bergh 53 99 7.54 1.S.20 a60 2267 

ReaoUona. — We have little to add in this connection to what has 
already been noted. We have found, however, that elastin is not as 
resistant to acids and alkalies as it is generally considered to be. 
When the original tissue is very finely and thoroughly divided with a 
meat chopper, as was the case for the first time in our experiments, 
the particles undergo some solution in the acids used in the extrac- 
tion process. The purified powdered substance is slightly soluble 
even in cold 0.2 per cent hydrochloric acid on long standing and 
dissolves very quickly and completely in i per cent potassium 
hydroxide on warming. These results suggest that the state of 
division of the tissue in preparation of elastin greatly influences 
solubility and thereby also purification. We believe that the agree- 
ment in composition between the two groups of our products was 

' See references under " Sulphur content," page 105. 

* ScHWARZ ; Zeilschrifl fijr physiologische Chemie, 1894, xviji, p. 487. 
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dependent largely on the particularly fine division of the tissue 
employed. The acids used for extractive purposes were given an 
excellent opportunity to decompose and completely dissolve inter- 
fibrillar extraneous matter. 

Bnlpbnr oouteot. — It will be recalled that in the older methods of 
elastin preparation extraction of the elastic tissue by boiling in dilute 
alkali for several hours was a part of the process and that, although 
the resultant substance varied somewhat in composition, it was free 
from sulphur in a majority of cases. Chittenden and Hart were the 
first, as we have already pointed out, to call attention to the proba- 
bility that sulphur is really an integral part of elastin, and that on 
boiling with alkali the constituent sulphur is removed. By avoiding 
the use of alkali Chittenden and Hart prepared elastin with a content 
of sulphur amounting to 0.3 per cent. They said in this connection, 
" Whether pure elastin does contain sulphur or whether the 0.3 per 
cent present in preparation B (made by their own method) is a con- 
stituent of some adhering proteid, removable by alkali, we are not at 
present prepared to say, but deem it probable that elastin does con- 
tain a small amount of sulphur." 

Zoja and Eustis have recently confirmed the Chittenden and Hart 
result. Schwarz lately found about the same amount of sulphur in 
elastin from the aorta, but states that all was removable on boiling 
with I per cent potassium hydroxide and that the residual product 
was identical with the original body. Bergh has also obtained as 
much as 0.55 per cent of sulphur in aorta elastin prepared by the 
old alkali extraction method. 

The results for sulphur content of all our preparations are given 
on page 106. 

It will be seen that the average sulphur content of the five prepa- 
rations made according to the older method was 0.20 per cent, whereas 
the elastin made by our own process, from which we had positively 
excluded the presence of mucoid and coagulable proteid, shows a per- 
centage of sulphur amounting to 0.15 per cent, an average difference 
of 0.05 per cent in favor of the improved method. This difference, 
slight though it is, is fairly constant throughout. The analyses were 
made with the very greatest care. Our results seem to show conclu- 
sively that sulphur, in minute quantity at least, is a component part 
of pure ligament elastin. 

Schwarz, it will be remembered, found that after treatment of aorta 
elastin with boiling one per cent potassium hydroxide for four hours 
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all of the sulphur (0,38 per cent) was split oEFin a form which could 
be precipitated as lead sulphide, leaving a sulphur-free, insoluble 
eiastin having all of the properties of the original substance. Liga- 
ment elastin seems to be a different substance. On decomposing 
samples of our eight preparations in one per cent potassium hydroxide 
as Schwarz did, no sulphur in the form of sulphide could be detected 



Elastin made by the 


Ela-ttin made by the 


Chittenden and Hart method. 


Richards and Gies method. 


S- 


Percentage of sulphur.' 


Number 
of prep- 


Percentage of sulphur.* 










aration. 


Direct deter- 


Average, 




Direct detet- 


Average. 




0.17 






0.16 




1 


0.2S 






ai7 


016 




0.20 


a2i 


6 


013 




2 


0.22 




015 


0.14 


0.20 


021 
















0,15 






0.1S 






ai2 


0.14 




017 


016 


8 


ais 




* 


0.2S 




014 


0.15 


OZZ 


0.24 








9» 


0.16 










0.18 


0.17 








General average . . 0.20 


General average , . 0.15 


1 The ash of each preparation was slight in amount. The ash 


contained an appreciable proportion of sulphur — an average of 0.11 


per cent of the proteid of each group of preparations. This was doubt- 


less derived in great part from the organic sulphur during incineration.' 






contained only 0,54 per cent ash. 



in any of them, even when the whole volume of alkaline fluid was 
used for the test. A sample of the elastin prepared by Eustis, by 
the older method, however, which did not include preliminary treat- 
ment with lime-water for removal of mucoids, etc., gave decided 
sulphide reaction under similar circumstances. Our preparations com- 
pletely dissolved in the warm alkali. 
These facts indicate that the small amount of sulphur contained in 
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pure elastin is held in a form of combination not convertible into 
sulphide by treatment with boiling alkali. 

Dlatribntioii of nitrogen. — The nitrogen of the proteids appears to 
exist in various amino forms, none of it being in nitro or nitroso 
combination. Some of it is easily split off in the form of ammonia 
by acid and by alkali. Usually, however, the largest quantity is 
obtainable on decomposition in the form of monamido acids and a con- 
siderable proportion is frequently separable in diamido combination. 

No attempts to ascertain the distribution of nitrogen in the elastin 
molecule were made until very recently.^ Soon after KosseP bad 
stated his belief that all proteids would yield hexone bases on decom- 
position Bergh^ attempted to isolate lysin and arginin from among 
the cleavage products obtained from elastins of the cervical ligament 
and the aorta. His attempts resulted negatively.* 

Hedin' by essentially the same methods came to the same negative 
result. He was unable, also, to identify histidin. These results 
would imply that elastin does not contain a protamin radicle. 

Kossel and Kutschcr,^ however, by an improved method, subse- 
quently isolated arginin from among the decomposition products of 
ligament elastin and thus directly contradicted the conclusions of 
Bergh and Hedin. The quantity of arginin isolated by them was 
unusually small — much less than that for most of the other proteids. 
Not long ago these same observers ^ were able to separate and identify 
lysin also among the bases obtainable from elastin. 

The lack of agreement between Bergh and Hedin on the one side 
and Schwarz and Kossel and Kutschcr on the other led to the study 
made by Eustis,^ under Chittenden's direction, of the proportion of 
basic nitrogen split off from elastin on decomposition with hydro- 
chloric acid and stannous chloride. Following the method adopted 

> HoRBACZEWSKi Studied some of the decomposition products from a different 
standpoint: Jahresbericht der Thier-Chemie, 1885, xv, p. 37. Schwarz made a 
study of aorta elastin similar in this respect to that of Horbaczewski : Schwarz, 

' Kossel : Zeilschrift fiir ptiysiologische Cliemie, 1896-97, xxii, p. 176. 
■ Bergh : Loc. cil. 

• Schwarz had previously found " lysalinin " {lysin + arginin) among the 
cleavage products of aorta elastin. Loe. eit., p. 497. 

• Hedin : Zeitschrift fiir physiologische Chemie, 1898, xxv, p. 344. 

• Kossel and Kutschert Zeitschrift fiir physiologische Chemie, /i/rf., p. SS'- 
' Kossel and Kutscher; Ibid., 1900-or, xxxi, p. i6j. 

• Chittenden (for Eustis) r Loc. cil. 



,y Google 



io8 A. N. Richards and William J. Gies. 

by Schulze ^ and numerous other investigators, Eustis, in five experi- 
ments on the same preparation of elastin, obtained the following 
divergent results for percentage of nitrogen in the form of organic 



0-86 17^ 15^7 6J10 15.14 

These discordant data, while they indicated that elastin does yield 
hexonc bases, led to the conclusion that the method then in use for 
the separation of the hexone bases by phosphotungstic acid and 
determination of the nitrogen therein, was unreliable for quantitative 
purposes. 

The divergence of the results obtained by Eustis made it seem 
desirable for us in this work to repeat his experiments, with elastin 
made by the method of preparation he used and also with products 
purified by our own method. 

The preparations used for this particular purpose were Nos. i, 3, 
and 7. (See page 104). The method of cleavage was the same as 
that used by Eustis. Decomposition took place (in the presence 
of one gram of stannous chloride) in 20 per cent hydrochloric acid 
in quantity equal to 4 c.c. per gram of substance used. The mixture 
was boiled each time in a refiux condenser for ninety-six hours. 
Separation of tin, precipitation with phosphotungstic acid and the 
other steps to quantitative determination were the same in detail 
as those taken in this connection by Schulze. The substance which 
remained in the acid mixture as an insoluble residue, very slight in 
quantity (possibly melanin), contained a mere trace of nitrogen. 

In addition to a study by Schulze's procedure, we also made a 
similar decomposition of preparation No. 6 by the method of Kossel 
and Kutscher.^ 100 grams of substance was boiled in a solution of 
300 grams of pure concentrated sulphuric acid in 600 grams of water 
for fourteen hours in a reflux condenser. Further details of the 
separations were the same as those in the experiments of Kossel and 
Kutscher. 

In the following table we give the essential data obtained by both 
methods, the figures expressing averages of closely agreeing results : 



' Schulze : Zeitschrift fiir physiologisclie Chemie, 189S, xxiv, p. 276. 
' Kossel und Kutscher: Zeitschri[t fiir physiologische Chemie, 1900-01, 
;i, p. 165. The authors show that this method gives more abundant yield of 
:one bases than any other. 
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Number 
of ptep- 


Weight 

of ash-free 

elastin 

used. 


Nitrogen. 


Grams. 


Percentage of total. 




Grams. 


Total. 


Ammo- 
nia. 


Mon- 

amido 
acids. 


Bates. 


Ammo- 


Mon- 

amido 


Bases. 


A-3 
1 

7 


13.4361 
n.«72 

n.ssi9 


2.Z371 
1.8533 
1,9227 


0.0507 
0.0434 
0.0333 


2.1351 
1.8238 
1.8311 


0.0666 
0.W2O 
aOS93 


2.26 
2.34 
1,73 


95.44 
98.42 
95.23 


2.98 
2.26 
3.08 


B-6 


10s 2000 


18.1012 


0.2572 


17.0081 


0.9153 


1,42 


93.96 


S.06 




1.94 


95.76 


334 



, It will be noted that although there is some variation in the per- 
centage figures, there is yet a striking agreement among them. The 
latter fact is true even though two methods were employed and very 
different quantities of elastin were taken for each series of determin- 
ations. It is to be noticed also that the nitrogen in the bases was 
greatest for preparation No. 6 as determined by the Kossel and 
Kutscher method, a result in harmony with the claim of these ob- 
servers that their process furnishes the most abundant supply of 
hexone bases. The uniformity of our results is in striking contrast 
to the disagreement of those obtained by Eustis. 

Although the strictest quantitative accuracy cannot be claimed 
for the methods employed,' it does seem warrantable to conclude 
from our results in this connection that elastin contains an appre- 
ciable amount of nitrogen which on proper decomposition may be 
identified as nitrogen in the form of hexone bases. 

In addition to the above results somewhat more specific data as 
to hexone bases were obtained with preparation No. 6 in a continua- 
tion of the Kossel and Kutscher method previously used. These 
afford the direct comparison made with similar results obtained by 



' See papers in the Zeitschrift fur physio I ogische Chemie, 189S-1901 (vols. 
xxv-xxxi) by Heuin, Gulewitsch, Henderson, Fkieumann, Kutschkr, and 
ScHULZE and Winterstein. 
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in and gelatin, among other 



Kossel and Kutscher on histon, salmin 
products,^ in the appended summary: 



Substance. 


Percentage of total 


Percentage of weight of 
original substance. 


His- 
tidin. 


.^.,„. 


Lysin. 


Ammo- 
nia. 


His- 
tidin. 


Arginin, 


.,.,.. 


Ammo- 


Ligament elastin 

Commercial 

gelatin 


0,170 
? 


1380 
16,600 

3.760 
25,170 
87.800 


? 



8,040 




1,375 
1,400 
13.530 
7.460 



a027 

? 
0,810 

1,210 



ai97 

9,300 

1,820 
14360 

84300 


5-6" 


7,700 




azs7 

0300 

2,560 

1,660 




Hitton (thymus) 
Salmin .... 


1.790 



' Unusual difficulty was experienced in our attempU to separate ly»in quanti- 
tatively. By difference our figures far nitrogen of lysin were 6.65 per cent of the 
total. We do not include them in the above tabic, because vre have no confidence 
in their accuracy. The microscopic appearance of the histidin dichloride and 
arginin nitrate prepared by us was typical. The quantities obtained were loo 
slight for satisfactory analysis. 

" Approximate value. 



Elastin appears to be characterized by containing a comparatively 
small quantity of hexone radicles. Our results indicate that histidin 
as well as the lysin and arginin found by Kossel and Kutscher may 
be split off from this albuminoid on appropriate treatment. 

!• siastin a "fat-proteid compound?" — Nerking' has very recently 
found that various proteids as they are commonly prepared, contain 
fatty or fatty acid radicles. He did not examine elastin in this con- 
nection. We have done so, with entirely negative result. 

Samples of preparations Nos. 5 and 6 were used for the purpose. 
The amounts of substance taken were 5-6747 gms. of No, 5 and 
8-7429 gms. of No. 6. After two weeks' continuous extraction in 
anhydrous ether in a Soxhiet extractor, only 0.0015 gm. of extractive 
substance (dried in vacuo) could be obtained from No. 5 ; only 
0.0013 g™- from No. 6, After digesting each preparation in pepsin- 

> Their work on elastin in this connection was only qualitative. Lysin was 
isolated and ideiitilied. Loc. cil., p, Z05, 

^ Nerking : Archiv fiir die gesammle Phyaiologie, 1901, Ixxxv, p- 330. 
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hydrochloric acid, in continuation of Dornieyer's method, as was 
done by Nerking in his work, and then thoroughly extracting the 
digestive mixture in the customary manner with ether, only 0.0017 
gm. of ether-soluble matter was obtained from No. 5, only 0.0013 
gra. from No. 6. Thus, in the double extraction process only 0,0032 
gm. of ether-soluble matter (0.056 per cent) was obtained from No. 
5; only 0.0026 gm. (0-03 per cent) from No. 6, These amounts are 
too minute, however, to mean anything positive — are, in fact, within 
the limits of unavoidable errors of extractive work. The pepsin used 
in the digestive process contained 0.5 to i mgm, of ether-solubte 
matter, which should be subtracted from the above totals in each 
case. At most the merest trace of soluble matter could have existed 
in either of the preparations. Thus it is certain that elastin as pre- 
pared by the method we employed does not contain fat or fatty acid, 
either in ordinary molecular combination or as an admixture.' These 
experiments have nothing to do, of course, with the question of fatty 
radicles contained within the proleid molecule. 

DlgMtlbUlty. — In the preceding determinations of possible fat ad- 
mixture it was necessary to digest the elastin. Our preparations 
were readily digested in gastric juice, a result quite in harmony with 
the earliest observations of Etzinger.^ Thus samples of preparations 
Nos. 5 and 6, weighing respectively 5.6747 gms. and 8.7429 gms., com- 
pletely dissolved, in twenty-four hours, in mixtures of 30a c.c. of 
0.2 per cent hydrochloric acid and 0.2 gm. of commercial pepsin 
scales (very active preparation) kept at 40°C. Cumulative power 
of combining with the acid was manifested by the products as is the 
case with other proteoses and peptones.^ At the end of twenty-four 
hours only the merest turbidity remained in the fluid, showing that 
only a very slight amount of antialbumid had formed. 

In the work of Chittenden and Hart on elastin and elastoses, 
elastin peptone could not be detected among the products of pepsin 
and trypsin proteolysis, even though zymolysis continued under 

^ PosNER and Gies: Proceedings of Ihe American Physiological Society, 1901, 
This journal, vi, p. xxix. This result indicates that the difficulty experienced by 
HORBACIEWSKI and Chittenden and Hart in completely removing "fat-like 
matter "from their elastins was due to the compact character of the pieces of their 
preparations. Dehydration was complete in our own (page 99), with the result 
that fat extraction in purifying was comparatively easy. See Chittenden and 
Hart, Loc. cit., p. 21. 

" ETZiNGERr Zeitschrift fijr Biologic, 1874, x, p. 84. 

■ Chittenden : Digestive proteolysis, 1894, p. 52. 
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favorable conditions for several days. Peptone was absent also from 
the products formed on hydration of their elastin with very dilute 
acid. Although they were unable to detect peptone among the 
proteolytic products of elastin, Chittenden and Hart seem to have 
assumed its probable formation under favorable conditions, however, 
for toward the end of their paper they say: "Under the conditions 
of our experiments, no appreciable amount of true peptone was formed 
in any of the digestions; at least, nothing approaching a peptone 
in reactions was to be found in any of the digestive fluids, after satu- 
ration with ammonium sulphate. We propose, later, to attempt a 
study of the etastin peptone, using for this purpose the elastoses just 
described as well as elastin itself, and more vigorous digestive fluids, 
both peptic and tryptic."' Chittenden and Hart found that Hor- 
baczewski's "elastin peptone" was in reality deutero-elastose and 
that his " hemi-elastin" is the same as proto-elastose. 

After our digestive mixtures had been duly extracted with ether, 
in accordance with the original aim of the experiments immediately 
preceding, we allowed proteolysis to continue for about six weeks. 
Ether was added to the acid mixture occasionally to prevent bac- 
terial changes. At the end of that period the elastose precipitate 
obtained on saturating the boiling neutral fluid with ammonium sul- 
phate was surprisingly large. The filtrate was also made alternately 
acid and alkaline and thoroughly boiled each time while saturated 
with ammonium sulphate.^ Only very slight additional proteose 
precipitates were obtained in this way. Ammonium sulphate was 
removed from the filtrate with alcohol and barium carbonate in the 
customary manner. The final filtrate gave a strong biuret reaction 
with a slight amount of cupric sulphate and an excess of potassium 
hydroxide. The amount of peptone precipitable by absolute alcohol 
was comparatively slight, although more than could have arisen, 
directly or by auto-digestion, from the pepsin preparation used at 
the outset. 

In a special experiment in this connection 8.15 gms. of preparation 
No. 6 were digested in a solution of 900 c.c. of 0.4 per cent hydro- 
chloric acid and 2 gms, of the very active commercial pepsin used 
above. Toluol was added to the mixture as a preservative, although 
the acid would have prevented bacterial action. Complete solution 

' Chittenden and Hart: £0^. aV., p. 36. See also Chittenden : Digestive 
proteolysis, 1894, p. ^^. 

^ KOiine: Zeitschrift fiir Ulologie, 1892, xxix, p. 1. 
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of the elastin occurred within twenty-four hours. At the end of 
seventeen days a large proportion of elastose was separated by satu- 
ration of the neutral, acid and alkaline fluid with ammonium sulphate. 
Separated quantitatively in absolute alcohol containing ether the ash- 
free substance recovered as elastose (albuminate and antialburaid 
were absent at this stage of the digestion) was 7.43 gms., showing 
that at least 0.7 gm, of the original elastin had been transformed into 
peptone.' The final ammonium sulphate filtrate gave a strong biuret 
reaction when large excess of potassium hydroxide was present in 
the fluid. Some of the peptone contributing to this biuret reaction 
must, however, have arisen from the pepsin preparation. 

These experiments show that elastoses are particularly resist- 
ant to progressive proteolysis through the action of pepsin, although 
they demonstrate that a small proportion of true peptone is formed 
from them during prolonged periods of favorable contact with the 
enzyme.* 

The precipitate obtained from the above digestive mixtures on 
saturation with ammonium sulphate contained both primary and 
secondary elastoses. It retained the color of the original elastin. 
Judging from the reactions of solutions of the mixed proteoses, the 
amount of proto-elastose was relatively large. Such solutions, when 
concentrated, became heavily turbid on warming, as Horbaczewski ^ 
and subsequently Chittenden and Hart observed. Turbidity was 
decided even when tubes containing the clear concentrated fluid were 
immersed in water at 38°C or held under the tongue. Such turbid 
solutions cleared up again on cooling. The clear concentrated solution 
gave heavy precipitates with small quantities of concentrated nitric 
acid, picric acid, potassio-mercuric iodide, and other proteid precipi- 
tants, but such precipitates were only partially, if at all, soluble on 
warming. When these reagents were added to dilute solutions, 
however, the precipitates which were formed at once dissolved on 



' All weights were mnde of substance drieii to constant weight at loo^-los" C. 

' In similar experiments, concluded afler this paper had gone to the editor, 
8 grams of elastin yielded only 1.38 gram of crude elastose when the digestion 
had proceeded for forty-six da3-s. After digesting for seventy days 10 grams of 
elastin yielded less than 1 gram of elastose. A small proportion of prolo- 
elasCose was contained in the latter mixture. Large proportions of peptone were 
formed. These results harmonize witli, and emphasize the conclusions above. 

' HoKUACZKwsKi, Chlttendkn, and Hart: Loc. cit- Sec also, Moko- 
CHOWETZ, Schwar;^ ; Loc. cit. 
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warming and reappeared on cooling, just as in the case of other pro- 
teoses. Addition of excess of concentrated sodium hydroxide to the 
concentrated proteose solution was followed by heavy precipitation 
of some of the proteid, the precipitate persisting even when the solu- 
tion was boiled. 

The above reactions appear to have been due to proto-elastose, 
which seems to be a peculiar member of the proteose family. 

Heat of oombustioii. — The potential energy of the proteids, ex- 
pressed in calories, varies from about 5,000 to 6,000 small calories per 
gram of substance. Proteids such as peptone and osseomucoid, with 
comparatively smaD content of carbon, have the lowest combustion 
equivalents, whereas bodies like haemoglobin, with relatively large 
proportion of carbon, have the very highest. The heat of combustion 
of any albuminous substance depends largely on the amounts and 
combinations of carbon and oxygen contained in it. The figures for 
composition of elastin suggest that its heat of combustion is rela- 
tively great. 

The only previous observations on elastin made in this connection 
were those published by Stohmann and Langbein.^ These observers 
worked with elastin made by Horbaczewski's method. The combus- 
tion equivalent was determined by the improved Berthelot method, 
and averaged 5,961 .3 small calories per gram of ash-free substance — 
the highest equivalent for animal proteid. 

Last June, while enjoying the freedom of Professor Atwater's 
laboratory, we made a thermochemical study of some of our products,* 
We wish here to express our thanks to Professor Atwater for his help 
and encouragement in this work and to acknowledge, also, our in- 
debtedness to his assistants, Messrs. £. M. Swett and Emil Osterberg, 
for experimental aid. 

The following table summarizes our results for the preparation of 
ligament elastin made by Mr. Eustis by the Chittenden and Hart 
process, for one made by us by the same method (No. 2), and for 
two preparations made by our own method (Nos. 5 and 6) ; it also 
includes the results obtained by Stohmann and Langbein: 



' Stohmann and Langbe[k : Lac. eil. 

' The apparatus used and method employed were the same as those previously 
described in This journal: 1901, v, p. 419. Quantities of 0.7-0.8 gram were burned 
at a time. The figures iD the table are for substance dried to constant weight at 
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preparation. 


Direct deter- 
minations. 


Averages: Calculated for ash-free subsunce.* 


Heat of combus- 
tion. Small ca- 
lories per gram. 




Heat of combustion. 
Small calories. 


I 


II 


Av. 


C 


H 


N 


S 


o 


Per 
gm. 


For substance 
containing 1 
gm. of carbon. 


EusTis . . . 

Richards 
and Gibs 
Prep. No. 2. 

Prep. No. S. 

Prep. Nol 6. 


5933 

5849 
5840 
5923 


5947 

5821 
S871 
5909 


5940 

5835 
5855 
5916 


54,42 

54,15 
53.90 
S4.32 


7.40 

7.26 
7.42 
7.30 


16.65 

16.82 
16.74 
17.11 


0.14 

0.21 
0.16 
0.14 


21 J9 

21.56 
21.78 
21.13 


5960 

5870 
59W 
5%7 


10952 

10840 
1095+ 
10985 


Averaga .... 


5886 


54.20 


7J4 


16.83 


ai6 


21.47 


5925 


10933 


Stouuann and Lancbbin . . 


55X)3 


7.20 


16.91 


ai8 


2a68 


5961 


10832 


' The percentage of aah in EusTis' preparation was 0.34 ; in our own it varied 
between 0.06 and 0.83. Tha Stohmann and Langbeik preparation contained a07 
per cent aah. 



The general relation of the above results to those for other proteids, 
is seen at a glance in the following summary : 



Substance. 


Average percentage 


Small calories. 


C 


H 


N 


S 


O 


Per 


For substance 
containing 1 
gram of carbon. 


Ligament elaslin> . . . 

Various animal and veg- 
etable proteids, not in- 
cluding glncoproleids' . 

Connective tissue mucoids' 


54.36 

52.64 

47,43 


7,32 

7.08 
6.63 


16.85 

16.00 
12.22 


0.17 

1.03 
2.32 


21J1 

23.20 
31.40 


5932 

5711 
4981 


10912 

10849 
10505 


' The figures for ligament elastin are the averages of the results obuined by 
Stohmann and Langbeik and in our own experiments. 
» Averages obtained by Stohmann and Lakgbeih. 
» Averages obtained by Hawk and Gies: This journal, 1901. v, p. 423. 
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II. Mucoid. 

Although a few indefinite statements regarding mucoid in liga- 
ment' were made shortly after Rollett's detection of this substance 
among the proteids of tendon, no attempts to separate and identify 
such a substance in elastic tissue were recorded before this work was 
begun. It seems that its presence had been inferred, not shown. 
Vandcgrift and Gies have lately found that the quantity of mucoid in 
the ligamentum nuchae of the ox averages 0.525 per cent of the 
fresh and 1.237 P^"* ^^^^ of the dry tissue.* The quantity of mucoid 
in ligament is considerably less than in tendon.^ 

Our mucoid preparations were made by the method used by Chit- 
tenden and Gies,* Quantities of ligament hash varying from three to 
nine kilos were employed at a time. Much of the mucoid was lost 
mechanically in the purification process. Special care was taken to 
reprecipitate from solution in potassium hydroxide (0.05 per cent) or 
half-saturated lime-water several times ; also, to wash thoroughly and 
to dehydrate and purify in boiling alcohol-ether. 

We have not made an extended analytic study of ligament mucoid, 
but tiie following facts show its near relationship to the other connec- 
tive tissue mucoids.^ 

In physical appearance the purified product is practically the same 
as tendomucoid or osseomucoid, although the latter substances can be 
dehydrated more easily. It gives the proteid color reactions very 
distinctly. It yields reducing substance and ethereal sulphate on 
decomposition with two per cent hydrochloric acid. The reducing 
substance forms dextrosazone-like crystals with phenylhydrazine, a 
fact indicating the presence of glucosamine among the hydration 
products. Among the other products resulting from its hydration in 
dilute acid are an antialbumid-like body, acid albuminate, proteoses 
and peptone. It is digestible in pepsin-hydrochloric acid and leaves 
a residue containing considerable reducing substance. Its sulphur 
may be obtained both as sulphate and sulphide. 

* Kuhne; Lehrbuch tier physiobgi sell en Chemie, 186S, p. 363. 

* VANOEfiRiFTanii GiKS: I.oc. cit. 

* Hl'KKOBK and GiKS : This journal, lyoi, vi, p. 2ig. 

* CiiiTTiCNriF.N and Glks : Journal o£ exjjcri mental medicine, 1S96, i, p. rS6. 

' Mkad and Gies : Procetdings of the American Physiological Society, 1901 
This journal, 1902, vi, p. xxviii. 
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Ligament mucoid is soluble in 0.05 per cent solution of sodium 
carbonate, half-saturated lime-water and 5 per cent sodium chloride. 
It is insoluble in o.i per cent hydrochloric acid, but is somewTiat 
soluble in 0.2 per cent solution of the same. It is less resistant to 
acid than the mucoid from tendon or bone and somewhat more diffi- 
cult to precipitate completely from its solution. The pure substance 
does not contain phosphorus. It is acid to litmus, neutralizes dilute 
alkali and has the same general precipitation reactions as the other 
connective tissue mucoids. None of our preparations contained 
chlorine. 

The percentage amounts of nitrogen and sulphur in mucoids fur- 
nish favorable data for general comparisons of composition. The 
summary below gives our results in this connection, together 
with the proportion of ethereal sulphur. In the analyses the usual 
amounts of substance, dried to constant weight at lOo"-!!©" C were 
taken. The quantity of ash in the preparations varied between 1.04 
per cent and 1.90 per cent. The ash consisted mostly of calcium and 
of phosphoric acid. The quantity of total phosphorus in preparation B 
(the only one analyzed in this connection) was 0.18 per cent. The 
phosphorus of the ash oE preparation B amounted to 0.16 per cent of 
the proteid. 



Prep.-irations. 


A 


B 


C 


D 


K 


General 
Averages, 


Nitrogen 


12.80 
13-01 


13.40 
13.64 


13.74 
1366 


13.'» 
13,SZ 


13.27 
13.22 






i2.yo 


13,52 


13.70 


13.S0 


13,25 

I.4.S 
1,40 


13.44 


Total sul|>hiit .... 


2.0.S 
2-09 


1.77 
1.6S 


1.49 


1.37 
1,27 






2.07 

1.32 
1.17 


1.73 
1.02 


1.49 


U2 


1,42 


1,61 


Halphiir as M>3 . . . 


0.'» 










1-2.S 


1,02 


0.90 






1,06 



The percentage content of nitrogen appears to be uniformly higher 
in ligament mucoid than in related connective tissue glucoproteids. 
The content of sulphur 



1 in related connective tissue glucoproteids. 
B somewhat lower. It is to be noted, how 
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ever, that experiments recently completed in this laboratory^ indicate 
that there is more than one mucoid in tendon and bone, some of the 
glucoproteid separable from these tissues having as much as fourteen 
to fifteen per cent of nitrogen. We are inclined to believe, from the 
above results, that the same deduction regarding variability of general 
composition may be made with respect to mucoid substance in liga- 
ment also. It is possible, of course, that our preparations have been 
contaminated somewhat with coagulable proteid or other impurity we 
failed to remove. At the same time we used every precaution to 
prevent admixture. 

III. Coagulable Photeids. 

The simple proteids of the connective tissues have received very 
little attention. Those who have worked with the albuminoid con- 
stituents have usually confined their studies to those particular sub- 
stances, and the various papers on the mucoids have made only 
incidental reference to the albumins and globulins. 

We were surprised at the outset of these studies by the compara- 
tively large amount of- coagulable proteid present in ligament. In 
two preliminary quantitative determinations with the ligaraentum 
nuchae of the ox we found that the coagulable proteid was equal on 
an average to 0.64 per cent of the fresh tissue.* The quantities of 
coagulable proteid in tendon and cartilage, we found, were much 
less, and, moreover, were very difficult to separate and determine 
satisfactorily.^ 

* Cutter and Gies, Hawk and Gies : Loc. cit. 

* Additional results are given by Vandegrift and Gies: Lcc. cit. 

* Using the methods employed with ligament (to be described on page II9), 
we found that aqueous extracts of the tendo AchilHs of the ox contained only two 
coagulable proteids — one separated at S4''-S7° C,, corresponding to "(a)" in 
ligament : the other at 73° C, apparently the same as " (4) " in ligament. {See 
page 120). LOEBiscH, touching on this matter incidentally in his preparation of 
tendomucoid, referred to what he called serum globulin and a proteid coagulating 
at 78° C. He took no special pains, however, to remove the blood completely before 
making the extraction in water. See, Zeitschrift fiir physiologische Chemie, 1886, 
X, p. 43, foot-note. 

Extracts of hyaline cartilage, in the fen experiments we tried, gave negative 
results. On boiling, the extracts became opalescent. Flocks did not form, even 
with a fairly strong acidity. Chondromucoid and chondroitin sulphuric acid were 
present, of course. These bodies doubtless interfered with coagulation of such 
albumin or globulin as may have been contained, Vun Meking obtained merely 
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In order to determine, if possible, the number and character of the 
simple proteids present in ligament we made use of various common 
methods, among them the process of fractional coagulation. For 
this purpose several extracts were made — aqueous and saline. Five 
per cent solution of magnesium sulphate was used generally for the 
latter type. 

In the preparation of these extracts only such ligaments were used 
as seemed to be free from blood in all parts. The tissue was freed of 
extraneous matter and at first cut into narrow strips, which were kept 
in running water for from twelve to twenty-four hours. This treatment 
removed blood and lymph. The strips were then run through a meat 
chopper and the finely minced substance treated with enough extrac- 
tive fluid to just cover it. At the end of from twelve to twenty-four 
hours, after repeated stirring, the fluid was strained through cloth and 
filtered. Each extract obtained in this way was always free from 
hsemoglobin, as examination with the spectroscope demonstrated, — 
a result implying also the absence of most, if not all, lymph pro- 
teids as well. Such extracts were either practically neutral in reac- 
tion or weakly alkaline to litmus. On heating, the solutions became 
very turbid and after addition of a trace of acid, flocculent separation 
in a water-clear fluid took place. All extracts contained such saline 
matter in solution as was found by us previously in ligament ash. 

In determining the temperatures of coagulation the apparatus 
recommended by Gamgee' and commonly used in such work was 
employed, and 20-40 c.c. of the extract, made very faintly acid with 
acetic acid, was taken for each series of observations. The tempera- 
ture was raised very gradually, and as soon as turbidity ensued the 
flame was removed and the solution kept at that temperature, or raised 
very slowly until the precipitate became flocculent. At this point the 
temperature was kept constant for from one-half to three-quarters of 
an hour.and then the solution filtered. The filtrates in each case were 
as clear as water. Upon raising the temperature beyond the previous 
maximal point the fluid remained clear until it had reached a temper- 
ature several degrees higher, when suddenly the next turbidity ensued. 

Working in this way we obtained separations at the following 
temperatures : 

the same opalescence on boiling. See, Ein Beitrag zur Chemie des Knorpels, 
1873, p. 7. (Inaugural-Dissertalion, Strassburg.) 

' Gamgbe: Text-book of the physiological chemistry of the animal body, 
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Extremes of 
3l°-49" C. 


Average 
WC. 


.sr-6r C. 


56° C. 


Hf-lif C, 


65° C. 


l^'-li? C. 


75» C. 


77"-8S° C. 


82° C. 



All of these were obtained from each of the above types of extracts ; 
(i), (4), and (s) were comparatively slight in amount. 

The question naturally arose whether the precipitates separating 
at the above temperatures represented individual proteids in the 
tissue. Direct elementary chemical analysis would not have sufficed 
to answer this question definitely, for only very minor differences in 
composition exist among the albumins and globulins. Nor would a 
study of the decomposition products of these coagula have afforded 
any more definite conclusions. (See pages 126 and 127.) 

We have sought the solution of the problem in fractional separa- 
tion experiments by the methods repeatedly used by Hofmeister, 
Kauder, and others, particularly for the differentiation of albumins and 
globulins. Our results in this conneciion, on extracts made by the 
method previously detailed, are briefly summarized below : 

A. Aqueous extracts treated with {Nf/^^SOf in substance. 

(a) When the aqueous solutions were half-saturaleii with (NH,).jS(>,. 
a fairly heavy precipitate was obtained, which consisted theoretically in 
whole or for the most ])art of globulin, albumin not being precipitated by 
this proportion of (NHiJaSOj (see page 124). The MgSO, solution of 
this precipitate contained bodies (i), (2), and (4) in the table above. 

{b) In the aqueous solution of this same precipitate (ff), bodies (1), 
{3)1 (4)1 "nd (5) were thrown down on healing. Precipitates (i) and (3) 
were comparatively heavy, the others were slight. Diluted with an equal 
volume of water, this aqueous solution of precipitate {a) gave bodies (i), 
(3), (4), and (s). 

(i-) The filtrate from precipitate {a) was saturated with (NH.j^SO,. 
The substance thrown out of solution in this way was dissolved in water 
and the solution healed. It gave precipitates (2), (3), (4), and (5). 

B. MgSOi extracts treated with AfgSOi in substance. 

When the MgSO, extracts were saluraled with MgSO,, a heavy pre- 



' The extremes ropresi 


.-nt the limit; 


i of nil our observations 


. As a rule the 


separations occurred al 


r about the 1 


nean temperature, with c< 


jiiiparatively long 


intervals. 
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cipitate was obtained, which, dissolved in ^% MgSO, solution, contained 
products (i) and (a). The filtrate from the MgS04 precipitate, on heat- 
ing, gave bodies (a), (3), (4), and (5). 

Comparison of the figures for coagulated products under A and B 
will show that of the total number of bodies in the aqueous and saline 
extracts of ligament only one can be completely separated by satura- 
tion with MgSO, or by half -saturation with (NHj)2S04, viz. — the 
one which separates at or about 40° C. (i). All the other substances 
are to be found in the filtrates from the precipitates formed on 
addition of MgSO^ to saturation or of (NHJ^SO, to half-saturation, 

C Conlinuous fractional precipitation of aqueous and lifgSO^ extracts wtth 
MgSO^ and {NIf,)iSO^ in substance, and with saturated solution of 

We have attempted to make a closer differentiation of the coagulable 
proteids contained in ligament extracts than was possible by the methods 
under A and B. The extracts for these experiments were made by the 
method ontlined on page 1 1 9. The extract to be tested was accurately 
neutralized. To a measured portion of it was added, a few grams at a 
time, the salt used for precipitative purposes. As sooji as a flocculent 
precipitate had formed it was filtered off and washed with a solution of 
the precipitating substance of a strength equivalent to that of the mother 
liquid. To the filtrate, plus enough of the washings to make it up to the 
original volume, were again added weighed quantities of the salt. When 
a second precipitate had appeared it was treated in a manner exactly 
similar to that to which the first was subjected. This process was con- 
tinued till the solution was saturated or until all proteid had been 
removed. The precipitates were then dissolved in a small quantity of 
water with the aid of the saline matter adhering to them, and subjected 
to fractional coagulation in the usual manner. The results for the 
globulins are appended : 

(a) 5% MgSO, extract. Volume 100 c.c. Solid substance used to 
precipitate was MgSO^. 

/faults: Precip. 1. 5 gms. = turbidity ; 25 gms. — heavy floccu- 
lent precipitate. 
Precip. II. 35 gms. = turbidity ; 53 gms. to saturation = 

flocks. 
Coagulations: Solution of Free i p. I. 44''-47° C. (i) 
Solution of Precip. II. 64° C. (3) 

Nothing more from either 1 or II on boiling. 
(i) Aqueous extract was treated with an equal volume of saturated 
solution of (NH,VH04. The resultant precipitate (globulin?) was dis- 
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solved in water and treated with a very slight amount of dilute acetic acid. 
A precipitate corresponding to separation No. i in the coagulation series 
formed as a result of this treatment The same was filtered off and the 
filtrate carefully neutralized. This neutral filtrate was used below in ic) 
and (rf). 

(f) Neutral filtrate obtained in {b'). Volume loo c.c. Precipitating 
salt MgSOj. 

Results: Precip. 1. 20 gms. = turbidity ; 42 gins. = flocculent 
precipitate. 
Precip. II. 43 gms. = turbidity ; 50 gms. = flocculent 

precipitate. 
Precip. HI. 56 gms. = turbidity ; 63 gms. = flocculent 

precipitate. 
Precip. IV. 73 gms. = turbidity ; saturation + acid = 

final precipitate. 
Coagulations: Solution of Precip. I. si^-sS" C. (a) ; 

es^-e?" c. (3). 

Solution of Precip. II. dV -f>^° C. {i). 
Solution of Precip. III. db^-bf C. (3). 
Solution of Precip. IV. 54''-56° C. (2) ; 
67»-7o° C. (3). 
If this method gives evidence of the presence of distinct proteids in a 
solution, as various observers believe, we seem to have dealt in this in- 
stance with at least two substances. 

(rf) Neutral filtrate obtained in (i), previously used in (c). Volume 
100 c.c. For precipitation purposes, instead of MgSO, in substance, 
saturated solution of {NH4)3SO( was used.' 

Resulls: Precip. I. looc.c. of the original filtrate + 65 c.c. sat- 
urated solution of {NHi)jSO, = turbidity ; 
on standing, flocks separate. 
Precip. II. 100 c.c. original filtrate + 82 c.c. saturated 

solution (NH,),SOi — precipitate. 
Precip. III. looc.c. original filtrate + 91 c.c, saturated 

solution {NHi).jS04 — precipitate. 
Precip. IV. 100 c.c. original filtrate + 100c. c. saturated 
solution (NH,)»SO, = precipitate. 

1 In this series addition of (NHOjSOj solution was made cautiously until tur- 
bidity began. On standing, the precipitate became flocculent. This was filtered 
off and the total volume made up to the original amount with an appropriate quan- 
tity of (NH4)iS0i solution of equal strength. This fluid was tlien treated care- 
fully with more saturated solution until further precipilation occurred. The 
intervals between initial turbidities were quite marked, though less so than in 
the experiments under (ii) and (c). 
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At this point, according to the theoretical differences between albumins 
and globulins, all the globulin-like substance ought to have been removed 
from the solution (half-saturated with (NH,),SOt). The addition of 
larger proportions of (NH,)jS04 to the solution gave further precipitates 
as follows : 

Jiesuits (continued) : 

Precip. V. 100 c.c. original filtrate + 1 25 c c. saturated 

solution (NH,)jSOt = precipitate. 
Precip. VI. 100 c.c. original filtrate + I4> c.c. saturated 

solution (NH,)jS04 = precipitate. 
Precip. VII. 100 c.c. original filtrate -|- 150 c.c. saturated 

solution (NH,)tSO, = precipitate. 
No further precipitation was obtajnable, either with more 
(NH4)jS0„ by the addition of acid or 
on boihng. 
Coagulations: Solution of Precip. I. 6i''-63° C. (3) 
Solution of Precip. II. 66° -67° C. (3) 
Solution of Precip. III. 66° -67° C. (3) 
Solution of Precip. IV. se'-sS" C. (a) 
Solution of Precip. V. 53''-59'' C. (i) 
Solution of Precip. VI. 56°-57'' C. (i); 

64^-68= C. (3) 

Solution of Precip. VII. s8''-6o° C. (2) ; 

fiT'-To" C. (3) 

A study of the results under C shows that among the substances 
extractable from ligament by MgS04 solution or water is one which 
is precipitable from MgSO^ extract by addition of 25 gms. of MgSO^ 
to 100 c.c. of extract, or from a dilute saline solution by trace of acid 
at about 40° C. (i), or by larger amount of acid at room temperature. 

A second substance, presumably a globulin, was precipitated by 53 
gms, of MgSO, from MgSO^ extracts and coagulated at about 65° C. 
(3). This substance, apparently, may also be separated from the 
aqueous solution of the precipitate obtained on half-saturation of 
aqueous extract with (NH4)jS04 or by the addition of MgSO^ in 
quantities varying from 20 gms. per 100 c.c. of extract to the satura- 
tion quantity for the same volume. It was also obtained from such 
solution by additions of from 65 to 150 c.c. of saturated solution of 
(NH4)3SO^ per 100 c.c. of proteid solution.' 

:> be comparable to fibrinoglobulin, also to serum 
CI/., pp. 143 and 161, 
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There is apparently another substance, separating at about 56° C. 
(2) and precipitable from solution in water by 42 gms. of MgSO^ per 
100 c.c. of proteid solution ; also by from 73 gms. of MgSO^ to the 
saturation equivalent for the same volume of proteid fluid. It is pre- 
cipitated also by 100-150 c.c. of saturated solution of (NHj)2S04 per 
100 c.c. of proteid extract. From its coagulation temperature it 
would seem to be comparable to fibrinogen.' 

The two other proteids in the extracts of A and B coagulated at 
about 75° C- (4) and 82° C. (5). Like (l) they occurred in only 
very small amounts. They correspond to the albumins ("serins") 
found in ox-serum, by Halliburton, coagulating at 77° C. and 84" C. 
respectively.^ 

Of these five products the one separating at the lowest temperature 
is not a coagulum. (See page 125). The proteid which separates 
at about 65° C. is also peculiar. It begins to separate from its solu- 
tion when 82 c.c. of saturated solution of (NH^)2S04 are added per 
100 c.c. of its own, and is not completely precipitated till the amount 
of admixed saturated (NH4)2S04 solution reaches 150 c,c. per 100 c.c. 
of proteid fluid. According to the generally accepted observations 
of Hofmeister, Kauder, and others on the proteids of serum, globulins 
are precipitated by the addition of 92 c.c. of saturated (NH4)3S04 
solution to 100 c.c. of proteid fluid, whereas the precipitation of 
albumins does not begin until more than 128 c.c. have been added. 
This substance, in respect to its behavior toward ammonium sulphate 
partakes, therefore, of the characteristics of both globulin and albu- 
min.^ The fractional precipitation and coagulation methods are not 
of sufScient definiteness in result for us to contend that the precipi- 
tates we have obtained are not mixtures of albumins and globulins.* 

' Compare with the serum albumins studied by Mkhel : Jaliresbericht der 
Thier-Chemie, 1K95. xxv, p, 11. See also Hammakstkn: Lphrbuch der physiolo- 
gischen Chemie, 1H99, p. 132. 

' Hali-hiuuton: Jahresliericht der Thier-Chemie, 1884, xiv, p. 126; 18S6, xvi, 
p. 344. The first of these also corresponds to serum globulin in coagulation 
temperature, but serum globulin is precipitated on half-saturation with ammonium 
sulphate, the above bodies were not. 

■ This solution was completely saturated. Our analytic results showed the 
presence of 5367 per cent of (NH,)-SO,. Kaviucu's results for the same were 
52.42 per cent. See, Archiv fiir experimentelle I'alhologie und Pharmako logic, 
1886. XX, p. 411. 

' The boundary line Iwtwcen albumins and fulobulins, never very definitely 
marked, has been growing less and less dislinct. See Stahke; Zeitschrift fiir 
llMnKi,, 1,00, Jl,p.4M- 
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These various protcids do not appear to come wholly from residues 
of serum — the quantity in which they may be obtained seems to be 
too great to permit of such an assumption. We believe, however, 
that it is impossible to remove every trace of serum from such a tis- 
sue without modifying the chemical character of the contents. 

We are not unmindful, in considering the character of these 
products, of the known influences exerted on the coagulation tem- 
perature of proteids by the reaction of the fluid, its degree of acidity, 
the proportion and character of saline matter in solution, rapidity of 
heating, presence of foreign ijoluble organic bodies, concentration, 
etc. All of these conditioning factors were carefully governed, how- 
ever, to prevent erroneous deductions. 



IV. NUCLEOPROTEID. 

We believe that the substance separating at 40° C. (i) in nearly 
all of the preceding coagulation experiments is, in great part at least, 
nucleoproteid. That the substance was directly precipitated at that 
temperature, not coagulated, was apparent from the fact that when 
the various extracts employed were treated with a slight amount of 
acetic acid and then allowed to stand over night, a light flocculent 
precipitate settled out. After its removal only precipitate (2) and 
the higher bodies previously obtained separated from the filtrate on 
heating. That this acid precipitate was not a true coagulum was 
further evidenced by the fact that it dissolved readily in 0.5 per cent 
sodium carbonate, from which solution il was easily precipitated by 
slight excess of dilute acid. 

When icx> c.c. of the aqueous extract of ligamentum nuchse was 
treated with 0.5 c.c. of 36 per cent acetic acid, a bulky flocculent pre- 
cipitate was obtained which dissolved easily in dilute alkali. This 
precipitate was not coagulable either in acid or alkaline fluid and 
after fusion with alkali gave a good phosphate reaction with molybdic 
solution. Further, after a very large quantity of the aqueous extract 
of the tissue had been evaporated to a small bulk on the water bath 
and the heavy precipitate of coagulated proteid filtered off, the viscid 
filtrate gave an abundant precipitate on the addition of but a few 
drops of 36 per cent acetic acid. This precipitate dissolved readily 
in s per cent sodium chloride and was reprecipitated on saturation 
with the same substance. Its solutions would not coagulate in any 
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medium. The substance so obtained contained phosphorus in organic 
combination. 

Various proteids are precipitable from thetr solutions on acidifica- 
tion. Those of special interest for us in this connection are gluco> 
proteids, nucleoproteids and globulins. When carefully tested as to 
its solubility in dilute acid the substance obtained in these experi- 
ments was found to be precipitated by moderate excess of 0.2 per 
cent acetic or hydrochloric acid. Serum globulin and fibrinogen 
may be precipitated from their solutions by minute quantities of acids. 
They are readily soluble, however, in moderate excess of the acids just 
mentioned — in the proportion which was favorable to the precipita- 
tion of the substance above. The same would be true of small quan- 
tities of albuminate. Furthermore, as has already been pointed out, 
our acid precipitate, unlike the other bodies just mentioned, contains 
phosphorus and was non-coagulable. 

Connective tissue mucoid has much the samC' characteristics as 
this substance. Mucoid, however, is a phosphorus-free glucoproteid, 
and on boiling with acids yields reducing substances. When our 
acid-precipitated product was boiled for several hours with 2 per cent 
hydrochloric acid, the fluid neutralized, and tested with Fehling's 
solution, only a trace of a reduction occurred. Our substance could 
not, therefore, be mucoid, although the slight reduction suggests that 
a trace of mucoid might have been admixed with it.^ 

A special preparation of this acid precipitate was made as follows : 
Aqueous extract of 8 kilos of Ugamentum nuchse was obtained as in 
the method given on page 1 19, and to it was added 0.5 c.c. of 36 per 
cent acetic acid per too c.c. of extract. The flocculent precipitate 
which formed on standing was dissolved in 0.3 per cent solution of 
sodium carbonate. This fluid was neutralized and then acetic acid 
added until precipitation occurred, i to 1,3 c.c. of 36 per cent acetic 
acid was required per 100 c.c. of fluid to efiect the same — a total 
acidity which would have dissolved globulins readily. This precip- 
itate was again dissolved and was reprecipitated in the same manner, 
after which it was washed free of acid and dehydrated, and purified 
as usual in alcohol and ether. 4.5 gms. (0.056 per cent of the fresh 
tissue) were obtained. 

• Aqueous extracts of the tissue are in reality extracts in dilute saline solution, 
the salts of the tissue contributing their solvent power. Mucoid is somewhat 
soluble in such entracts. Possibly, however, the reducing substance was derived 
from the nucleoproleid. 
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Analysis of this product gave the following results for percentage 
content of phosphorus in the ash-free substance : ^ (i) 0.49, (2) 0.45 ; 
average, 0.47. 

These figures for phosphorus content are somewhat lower than they 
are for most nucteoproteids. Mucoid impurity, as we have already 
suggested, may have partially accounted for this lowering of phos- 
phorus content. 

That the substance was not a " cell nucleo-albumin "' was shown 
by the results of the following experiment : About 2 gms. of the sub- 
stance was decomposed with acid in the usual way and a test made 
for nuclein bases among the cleavage products, with positive result. 
" Amtnoniacal silver solution " gave the typical flocculent brown pre- 
cipitate. No precipitate formed, on cooling, in the solution of this 
precipitate in nitric acid (l.i s[>ecific gravity}. On neutralizing 
however, and rendering slightly alkaline with ammonia, xanthin silver 
in quantity practically equal to the original precipitate was obtained. 
Tested with Fischer's modification of Weidel's reaction this precip- 
itate gave positive results for xanthin.* 

That the substance is nucleoproteid, or at least contains a large 
proportion of this compound albuminous substance, we feel confident. 
Although we are not accustomed to associate nucleoproteids with any 
but glandular tissues, the fact remains that nucleoproteids are to be 
found in every cell, and therefore must exist in every tissue. Pekel- 
haring* has lately found that 0.37 per cent of fresh muscle — a com- 
parable tissue in this connection — consists of a nucleoproteid con- 
taining 0.7 per cent of phosphorus. 

V. Collagen (Gelatin). 

All forms of connective tissues contain coUaginous fibres. Eulen- 

berg^ first demonstrated the presence of collagen in ligamentum 

nucha: by obtaining gelatin from it. Recently the quantity was 

^ The merest trace of phosphorus was present in the ash, 4-6 per cent of the 
total quantity. This was deducted from the figures for total phosphorus. The 
ash amounted to 0.75 and 0.89 per cent — average, 0.82. 0.5-0.6 gram of sub- 
stance was used in each of the determinations by the usual methods. 

* See CoHNHElM: Lot:, cit., pp. 181-183. 

° Fischer : BcHchte dei deutschen chemischen Cesellschaft, 1897, xxx, p. 2236. 

* Pekelhakino: Zcitschrift fiir physiologische Chemie, 1896-97, xxii, p. 245. 
See also, Kossel, Ibid., 1882-83, vii, p. 7. 

'• Eulenbekg: See Schultze, Annalen der Chemie und Pharmacie, 1894, 
Ixxi, p. 277. 
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accurately determined and was found to be 7.23 per cent of the fresh 
and 17.04 per cent of the dry tissue — equal, roughly, to one-fourth 
the amount of contained elastin.' 

The presence oE so much elastin in ligament makes it impracticable 
to separate the collagen as such, by the Ewald and Kiihne process of 
digestion with trypsin in alkaline medium.^ In order to obtain some 
idea of its character, however, we transformed it into gelatin and then 
separated and studied the latter. 

Preparatton of ligamsnt s«latln. — After the cleaned ligament had 
been put through a meat chopper the hash was thoroughly washed 
in running water and later thoroughly extracted in half-saturated 
hme-water. After the alkah had been completely removed with 
water, the residual tissue was boiled for a short time in distilled 
water. The filtrate was concentrated somewhat on the water bath 
and then the gelatin precipitated from it by pouring it into a large 
excess of alcohol. The typical fibrous precipitate of gelatin was 
obtained in this way. This was redissolved in water and reprecipi- 
tated in alcohol several times, then dehydrated and completely puri- 
fied in alcohol-ether. 

Elementary oompoaltloii. — The following data were obtained in ele- 
mentary analysis of one preparation by the methods previously used 
in this connection for elastin. 

Carbon and Hydrogen. 0.2324 gm. substance gave 0.1372 gm. HjO — 6.56 

per cent H j 0.3773 gm. substance gave 0.6860 gm. COj and 0.2250 gm. 

HjO = 49-S9 per cent C and 6.63 per cent H ; 0.3681 gm. substance 

gave 0.6705 gm. CO3 and 0.2194 gm. HjO — 49.68 per cent C and 6.6i 

per cent H. 
Nitrogen. 0.2867 g"". substance gave 0.0501 gm. N. — 17.47 per cent N ; 

0.3578 gm. substance gave 0.0634 gm. N — 17.7a per cent N. 
SiilphiiT. 0.7370 gm- sul)stance gave 0.03050 gm. ISaSO^ = o 56S per cent 

S; 0.9417 gm. substance gave 0.03734 gm. BaSO, = 0.544 per cent S. 
Ash. 0.3503 gm. substance gave 0.0058 gm. Ash = 1.65 per cent Ash; 

0.2746 gm. substance gave 0,0047 fi"^* ^^ = '■?' P'^'' '^^"' ^''^■ 



' Vandeokift and Gies: Lot. cit. 

* EwAI.D unci Ki'UNT. : Jabrcslieriu-ln Jcr Thier-Chcniie, 1S77, vii, p. 281, 
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Percentage Composction of the Ash-free Suustance.' 



N 17.77 18.02 17.90 

S 0.58 0-S6 0.57 

O 24J3 

The following summary of percentage elementary composition 
shows the relation of ligament gelatin to bone and tendon gelatin 
and to purified commercial gelatin, the latter consisting of a mixture 
of gelatins from bone and other connective tissues: 

c H N s o 

Ligament gelatin . . . 50.19 6.71 17.90 0.57 24.33 

Tendon gelatin* . . . Sttll 6.56 17.81 0.26 25.24 

Commercial gelalin* . . 49.38 6.81 17.97 0.71 25.13 

Bone gelatin * .... S0.40 6.64 18J4 .... 24,64 

Recent studies of the composition of connective tissues indicate 
that there are perhaps three groups of collagens. These appear to 
be characterized by appreciable differences in elementary composi- 
tion. Thus the collagens in tendon* and bone^ yield gelatins con- 
taining approximately i8 per cent of nitrogen. Corneal collagen^ 
contains about 17 per cent of nitrogen. Cartilage collagen yields a 
gelatin containing little more than 16 per cent of nitrogen.^ Our 
results in this connection indicate that the collagen of ligamentum 
nucha: is essentially the same as that in tendon and bone. 

Bttat of oombiution. — In two determinations of the heat of com- 
bustion of ligament gelatin we obtained an average of 5276 small 
calories (5261, 5391) as the combustion equivalent. These figures 
accord very well with those previously obtained by other observers 
for different gelatins, as will be seen from the following summary, 

' The sulphur of the ash amounted to 0.17 per cent of the dry proteid. This 
was not subtracted from the above figures — much of it doubtless arose during 
incineration. 

* Van Name : Journal of experimental medicine, 1897, ii, p. 124. 

' Chittenden and Soli.ev : See Chittenues, Digestive proteolysis, 1894, 
p. 32. 

* Mulder: See Hoppe-Skyler, I'hysiologische Chemie, 1881, p. 100. 
' Van Name : Loe. dt. 

* Hoppe-Seyler : I'liysiologische Chemie, 1881, p. loo. 

' C. Th. MOrner: Zeilschrift fiir physiologische Chemie, 1894, xviii, p. 224. 
' C. Th. MOrner : Jahresbericht der Thier-Chemie, 1888, xviii, p. 221 . 
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which gives also the combustion equivalents of two proteids having 
equivalents among the very lowest for albuminous substances : 



Subsunce. 
Dried at 100o-110° C. 


Small calories. 


I'etcentage composition. 
Carbon. Uiygen. 


Pet gram. 


For substance 
gm. of carbon, 

1(M50 
10800 

10577 
ItMlS 


Ijgament geUlin . . 
Fishgebiini . . . 
Commercial gelaliii* . 
Fibrin peplon » . . . 
Tendomucoid • . . . 


5276 
5242 
5270 
5299 
5003 


S0.49 
48.53 

5010 
48.01 


2433 

25.54 

25.79 
30.C2 


' liKRTHELOT ET Andkk ; Ceiilralblait fiir Phj'siologie. 1890. iv, p. 
= ArwATER: Kegiort of the-Slorrs (Conn.) Agricultural Kxj^rinien 
p. 92. 

* S'roKMANN und I.ANnHBlN : Journal fiir praklische Chcmie, lie 
xliii, p. 375. 

* CtnTEH anil Cies: I.oc. dl. 


611. 

Station, 1899, 

e Folge, 1S*)1, 



Ckystalline Extractives. 

In our first report of this work' we called attention to the fact that 
ox ligament contains an appreciable quantity of crystalline extractives. 
The only crystalline substance whose identity we had definitely deter- 
mined at that time was creatin, although the general method of 
detecting nuclein bases had shown the presence of one or more of 
these bodies also. A continuation of this work has given us more 
definite results. 

FrepvBUon of •xtraot. — The " extract " containing the crystalline 
substances was obtained in the following manner: i5-'20 pounds of 
ligamenta nuchx, which were perfectly fresh and which had only 
mere traces of blood in them, were finely minced in a meat-chopper. 
The hash was extracted in a moderate amountof water at 40° C. for 
J2-24 hours — ether or powdered thymol preventing putrefaction. 
The extract was strained through cloth, then heated to boiling, after 
which sufficient acid was added to completely separate coagulable 

' Richards and Gies : Loc. cit. 
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proteid and contained mucoid.^ That practically no haemoglobin 
was present was shown by the fact that the precipitate at this point 
was entirely white. 

The slightly acid filtrate was then neutralized and evaporated on a 
water bath to a thin syrup. This concentrated extract had all of the 
physical properties of ordinary "meat extract." It contained traces 
of proteid (derived gelatin ind albuminate probably) but no reducing 
substance could be detected in it.' Chloride and phosphate of sodium 
and calcium were present in comparative abundance. Sulphate was 
also detected, 

Craatiii. —The concentrated extract was diluted with several 
volumes of water and treated with lead acetate for the removal of in- 
organic radicles. The excess of lead was precipitated with hydrogen 
sulphide and the filtrate evaporated to a thin syrup on the water bath. 
On standing thirty-six hours, typical crystals of creatin formed in 
good quantity. After filtering and evaporating to greater concen- 
tration occasionally a new but smaller crop of crystals was obtained 
each time. 

The fluid concentrated in this way was treated with moderate ex- 
cess of 90 per cent alcohol and the -solid matter tested, together with 
the separated crystals, for creatin. The crystals and the alcohol pre- 
cipitate were readily soluble in water. On hydration with acid in 
the usual way, the fluid gave the typical crystals of creatinin zinc 
chloride with an alcoholic solution of zinc chloride, and also responded 
to Weyl's reaction. 

HTpoxanthlt). — The alcoholic filtrate from the precipitated creatin 
was next evaporated nearly to dryness to get rid of alcohol, a little 
water added, the fluid made alkaline, filtered, and then treated with an 
appropriate quantity of "ammoniacal silver solution." The resultant 
heavy brown precipitate of nuclein bases, on decomposition with hot 
nitric acid of i.i specific gravity, gave a yellowish filtrate, which, on 
cooling, deposited a large proportion of crystalline substance, mostly 
needles of hypoxanthin silver nitrate. The mixture was allowed to 

' A slight amount of mucoid is always contsiined in the aqueous extract of liga- 
ment. The salts present in the extract exert solvent action on it. 

^ Leucin and tyrosin were delected at this point in microscopic examination of 
one sample of our extracts. We have assumed that these were formed from proteid 
by hydration in the process of heating to boiling and subsequent evaporation. 
Some creatinin was also detected several times. This probably arose from the 
creatin by hydration. 
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stand for twenty-four hours for complete precipitation of the crystal- 
line matter. 

The filtrate from the crystals still contained nuclein base (doubtless 
xanthin, which may have been formed from the hypoxanthin), as was 
shown by the brown precipitate which appeared in small quantity 
when the fluid was again rendered slightly alkaline. 

The crystalline precipitate containing hypoxanthin silver nitrate 
was decomposed in a warm mixture of water and ammonium sulphide 
on the water bath, the mixture filtered hot, concentrated on a water 
bath, there saturated with ammonia and again filtered hot. A com- 
paratively large amount of hypoxanthin could be detected in this 
filtrate. 

Chiaain. — The substance insoluble in the ammoniacal fluid yielded 
beautiful crystals of guanin. These were obtained by Horbaczewski's ^ 
method of solution in alkali, and treatment with alcohol and acetic 
acid. The crystals were large and they very closely resembled those 
of creatinin zinc chloride. 

The bulk of the crystalline extractives consisted of creatin, hypo- 
xanthin and guanin. We were unable to prove the presence of adenin 
and carnin, although we occasionally obtained results by the cus- 
tomary qualitative methods indicating the presence of these sub- 
stances. No tests were made for other extractives,^ 

It is interesting to note in this connection that guanin has been 
found to occur in the ligaments of pigs with guanin gout,^ 

The amount of nuclein bases found in these extracts was too great 
to allow of the assumption that they were derived from the small 
quantity of blood and lymph remaining in the tissue when the separ- 
ation was begun. Normal blood contains only traces of nuclein 
bases* and the tissue itself contained at the outset only traces of 
blood. In tissues, such as muscle, which contain relatively few 
nuclei, nuclein bases are found in the uncombined state, and in this 
condition undoubtedly represent late stages in the catabolism of 
nuclear proteids. Our data show a similar catabolism in ligament, 
thus leading us to a conclusion which would hardly be suggested by 
the "passive mechanical functions" of the tissue — a conclusion 

' HORBACZEWSKI : Zeitsclirift fiir physiologische Chcmie, 1897, xxiii, p. 229, 
' We obtained essenCfally the same results as those above in continuance of the 
work on tendon extract already referred to by iiuERORR and Gies : Loc. cit. 

• Hammarsten: Lehrbuch der physiologischen Chemie, 1899, p. tig. 

* KossEJ, ; Zeitschrift fiir physiologisclie Chemie, 18S2-S3, vii, p. 22. 
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which harmonizes, however, with the fact that this tissue contains a 
variety of substances which represent intermediate stages of chemical 
differentiation. 



SUMUfARY OF CONCLUSrONS. 

[. By improved method of preparation several samples of ligament 
elastin were made, having the following average percentage com- 
position : 

c UN so 

54.14 7.33 16,87 0.14 21.52 

All of these preparations contained sulphur. None of it could be 
split off as sulphide on boiling with caustic alkali. 

Only very small proportions of elastin nitrogen could be split off in 
the form of ammonia and hexone bases on decomposition with acid. 
Arginin, lysin, and histidin have been identified among the basic 
bodies separated in this way. 

Elastin is not a "fat-proteid compound." No extractive material 
could be separated from our analyzed preparations by Nerking's 
process. 

Our purified powdered elastin readily digested in pepsin-hydro- 
chloric acid. Elastoses and true peptone were formed, proto-elastose 
predominating in quantity. The amount of true peptone formed was 
comparatively small even after long periods of favorable contact of 
the elastin and elastoses with the enzyme in acid solution, showing 
that elastoses are particularly resistant to progressive zymolysis. 

The average combustion equivalent of four preparations of elastin, 
determinations in duplicate, was 5925 small calories. 

2. Ligament contains mucoid having the general qualities of other 
connective tissue glucoproteids. Analysis of five preparations gave 
the following average percentage results: 



3. Extracts of ligament contain proteid coagulating at 56° C, 
65° C., 75° C, and 82° C. Although these figures indicate identity 
with some of the albuminous substances of the blood, the coagulable 
proteids of our extracts do not appear to have arisen wholly from 
contained serum. 
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4. A slight amount of nucleoproteid is contained in ligament and 
was detected in aqueous and saline extracts. 

5. The gelatin obtained from ligament had the following percent- 
age composition : 

C H N S O 

50.49 6.71 17.yO O,.';? 24.33 

These result^j indicate that the collagen of ligament is identical 
with that of bone and tendon. 

The heat of combustion of ligament gelatin was found to be equal 
to 5276 small calories. 

6. Among the crystalline extractives obtainable from ligamentum 
nuchse were creatin, hypoxanthin, and guanin. 
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ON PHOSPHATE METABOLISM. 
By otto FOLIN and PHILIP A. SHAFFER. 

IFram the Chtmiait Laboratory of Iht McLean Hospilal/et the /ntune, H'averUy, 
Maisaihuittls^ 

THE investigations here described were begun as a general 
chemical study of the metabolism of one of the patients in the 
McLean Hospital for the insane. The results of these investigations 
will be published as a whole elsewhere, but our observations on the 
phosphoric acid metabolism of the patient would seem to be of 
sufficient general importance to warrant publication in a journal 
devoted to general physiology. 

Except in cases of advanced hunger where there is a rapid wasting 
away of bone tissue, it seems to be regarded as a settled fact that the 
elimination of phosphoric acid through the kidneys is without any 
tangible significance whatever as regards the body metabolism. The 
reason why this is so, is of course the enormous differences in the 
phosphoric acid contents of the food and the equally great variations 
in the extent to which the different phosphoric acid combinations 
of the food are absorbed from the intestinal tract. The phosphoric 
acid values Involved in the building up or the breaking down of even 
considerable amounts of living tissue other than bone are so small 
when compared with the above phosphoric acid values of the food 
that it is only by means of very prolonged and carefully executed 
experiments, or because of some quite unusual conditions, that it is 
possible to get any certain information in regard to the phosphoric 
acid metabolism involved in the activities of living tissues.' 

The subject of these investigations was diagnosticated by Dr. A. 
Hoch as a case of manic depressive insanity. Dr. Hoch gives us the 
following summary of his description of the case: 

"The patient's condition alternated with absolute regularity from day to day, 
being one day little removed from the normal, while quite disturbed on the 

' Fortschritte der Hedicin, 1898, p. i, contains a review by Peter Bergell of 
about eighty different papers on various phases of the question of phosphoric acid 
metabolism. A further review here of the literature bearing on this subject seems 
therefore unnecessary. 
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other. These two states presented the following pictures : On the disturbed 
days tlie patient was often restless, walking aimlessly about with short steps, 
talking in the manner described below, or he handled things about him in an 
aimless way or took ofT his clothes, etc. His talk indicated that his ability to 
guide voluntarily his train of thought was much diminished. The different 
thoughts he uttered were but superficially connected, or his talk was constantly 
deflected by external happenings (great distractibility). Sometimes when less 
voluble he repealed the same question many times in a senseless manner or 
made remarks which were superficially suggested but which had no internal 
connection with what was spoken or what the circumstances demanded. Con- 
sequently when the abnormality was least marked, the main feature was a 
certain irrelevancy in the patient's remarks. The facial expression was almost 
always dull and immobile, the mood rather apathetic, but at times an irritability 
and occasionally a striking exhilaration were noted. He never lost his bear- 
ings, probably because the good days were constant correctives, but he had no 
clear appreciation of things or occurrences about him and on the good days 
he remembered poorly the sequence of events of the previous bad day. On 
the good days he often varied but little from the normal, but appeared some- 
what dull without perfect appreciation of his condition and at times an irrele- 
vant remark betrayed slight traits of the bad days." ' 

This condition, which has now lasted uninterruptedly for several 
months, seemed to offer an unusual opportunity for trying to dis- 
cover some alternation in the metabolism of the patient correspond- 
ing to the alternation in the mental symptoms. Any sufficiently 
characteristic alternation in the patient's metabolism was deemed 
important, because we can scarcely be said to have as yet the proof 
of the existence of any abnormal metabolism whatever which is 
characteristically associated with any of the mental diseases. 

The existence of an unmistakable periodicity in the elimination of 
phosphoric acid through the kidneys corresponding to the periodicity 
in the mental condition of this patient is, we think, proved by the 
analyses and experiments recorded below. 

EXPERIMKNTAI, PART. 

Preliminary uialyMi. — Owing to the difficulty ao frequently met 

with in the study of the insane, namely, that of obtaining all the 

urine, our first series of experiments (from October 8 to October 16, 

1901) is very incomplete. Each day of this series was divided into 

' Dr. Hoch's psychiatrical studies and our own general nietabolism experi- 
ments on this case will be published later elsewhere. 
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three periods (from 6,30 A.M. to 2 P.M., from 2 P.M. to 9 P.M., 
and from g p.m. to 6.30 the following morning), and the urine of 
each period was separately analyzed. A comparative study of the 
different periods showed at once a remarkable difference in the 
phosphate elimination of the two sets of days. October 11 and 
October 14, the former representing a "good" day, the latter a 
" nervous " day, are the most completely recorded days of this 



Date. 


Time. 


Volume. 


"K- 


Nj. Gm. 


Y^: 


100 Nj: 


Oct. U 


6.30 a.m.- 2.00 P.M. 


240 


26 


4.22 


.77 


1S.3 


■' 11 


2.00 p. M.-9.00 P. M. 


280 


28 


5.56 


.89 


16.0 


" 11 


9.00 r. M.-6.30 a. m. 


715 


20 


8.53 


1.59 


13-S 




Totals .... 


124.5 




ia3i 


3.5 


17.7 


Oct. 14 


630 A. M.-2,00 p. M. 


400 


2.5 


4.40 


1.22 


27.7 


•' H 


2.00 P. M.-9.00 P. M. 


2S0 


31 


4,54 


1.64 


36.1 


" 14 


9.00 P. M.-6.30 A. M. 


340 


24 


5,39 


1.37 


25,4 






1020 




14,33 


4,23 


30.0 



At the end of the above series of experiments the patient was 
given a special nurse, and it is largely due to the intelligence and 
untiring efforts of this nurse, Mr, Max Huwyler, that we have been 
able to continue this work uninterruptedly, and to our own satis- 
faction for a period of over three months. 

The second series of experiments extending from October 21 to 
November 2 is recorded in Table II. The following analytical 
methods have been used exclusively: the phosphates were de- 

' Throughout this paper the two sets of days of the patient are referred to as 
the " good " days and the " nervous " days, and it will be noted that in any given 
month the " good " days come on the odd dales and the " nervous " days on the 
even dales or vice versa. Thus through October the good days come on the odd 
dates, while through November and December they come on the even dates. The 
day corresponding to any given date is counted from 6.30 in the morning till 6.30 
on the following morning. 
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tcrmined by titration with uranium salt solutions which had been 
standardized against a solution of pure crystallized mono-potassium 
phosphate. The latter salt was prepared from pure phosphoric acid 
and potassium hydrate (Kahlbaums). Potassium ferrocyanide was 
used as indicator. The nitrogen was determined according to 
Kjeldahl, and the sulphates were determined gravimctricaliy as 
barium-sulphate. (See the following paper, page 152.) 



Dale. 


Time. 


Vol. 


¥o5" 


N5. 

Giu. 




100 N,: 




i.m. Gm. 


P.'V 


SO.. 


P^Cj. 


Oct. 21 


630A.M.-2.00P.M. 


325 


.27-5 


4.65 


0.72 1 1 19 


15.5 


25.5 


60.5 


" 2] 


2.0Op.m.-9,OOp.m. 


160 


27.0 


2.45 


0.42 0*5 


17.1 


26,5 


A1.6 


" 21 


9.00P.M.-6.30A.M. 


625 


24 .0 


8.37 


1.26 1.70 


15.0 


20.3 


74.1 




Totals .... 


1110 




1.5.47 


2.40 ' 3.54 


16.S 


22.9 


es.o 


Oct. 22 


6.30A.U.-2.00P.H. 


32S 


23.0 


3.10 ! 056 1 0.42 18.1 j 13.5 


133.3 


" 22 


2 00P.M.-9.00P. «. 


355 


31.0 


5.M ■ 1.26 ' 1.27 2.S.2 ' 22.4 


99.2 


■' 22 


9.00P.H.-6.30A.M. 305 


280 


5-30 1.09 1.21 20.6 , 20.6 

1 ' 


90.0 




Totals .... 1 985 


.... il3 40 

1 


2.91 : 2.90 81.7 
0.49 ' 0,60 i 13.9 


21.7 
17.0 


100.0 

81.7 


Oct. 23 


6.3OA.M.-2.OOP.M. 


225 


26.0 


3.52 


'■ 23 


2.XF.H.-9.00F.U. 


225 


32.0 


4.43 1 a59 1.00 


13.3 


226 


59.0 


■■ 23 


9.00P.M.-6.30A.M. 


720 


2ao 


7.92 1.18 121 


14.9 


16.5 


97.5 
W.4 

151.6 


; Totals .... 


1170 




15.87 2.26 281 


IIS 

14.8 


17.7 
9.8 


Oct. 24 


6-30a.m,-2,00p.m. ' 600 


13.0 


2.97 


0,« 


0.29 


" 24 


2,OOp.m.-9.00p.w. ' 135 


na 


1.37 


0.27 


0.20 


19-7 


14.6 


13.5.0 


" 24 


9,00p.m.-6.3Oa.m. 


700 
1435 


14.0 


5.16 
9.49 


1.07 


0.73 


20,7 


14.1 


146.0 




Totals .... 


1.78 


1.22 


18.7 


12.9 


1«.0 
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TABLE II 


<^.,ti„ 


^). 










Date. 


Time. 


Vol. 


Sp.gr. 
,0-. 


iL 


l-jO,. 
Gm. 


?S; 


100 N,; 


looso,: 


PjOt,, .SO,. 

1 


Oci. 25 


6-30 A. M.-2.00 V. M. 


310 


20.0 


3.31 


0.51 


OAl 


15.4 i I&4 


S3.6 


" 25 


2.00 P. M--9.00 p M, 


32.S 


25.0 


4.10 


52 


0.85 


12.7 20,7 


61.2 


■' 25 


9.00P.M.-630A.M. 


800 


19.0 


7,20 


1.08 


■ 0, 


15,0 15,1 


100,0 




Total 


143.'i 




14.61 


211 


- 


14.4 


17 3 


t3.0 


Oci. 26 


63Oa.m,-2,00p-m. 


310 


2J.0 


3.18 0.48 


0,51 


15.1 


16.0 


94,1 


•■ 26 


200P.M.-900P.M, 


225 


29.0 


2.% 063 


0.58 


21,3 


19.6 


108.6 


'■ 26 


9.00P.M.-6 30a.m. 


790 


08.5 


4.03 ' 0,79 


0.30 


19,6 


7.4 


2563 


Oci. 27 


TolalM .... 


1325 




iai7 


1,0 


1.39 


18.6 


13 7 


187.0 


6.30 .*.M.-2.00 P.M. 


220 


22.0 


1.83 


a27 


0.30 


14.7 16,4 


90.7 


" 27 


2.00 P. VL.-^m P. M. 
















'■ 27 


9.00 i-.M,-6.30 A.M. 


620 


22.0 


7,73 


0.98 


1.37 


127 


17.7 


71,5 


Oci. 28 


6.30A.M.-2.00P.M. 


625 


17.0 


394 


0.68 


051 


17.2 


12.9 


133J 


■• 28 


2.00P.M.-9.00P.M. 


195 


29,0 


3,.57 


0.76 


0.74 


2U 


20.7 


102-7 


•' 28 


9-00p.m,-6.3Oa..j. 


425 


27.5 


5-33 


1.33 


130 


25,0 24.4 


102,3 




Totals .... 


1245 
375 


2S.0 


1284 
4.22 


0,59 


2.SS 
0,83 


S1.B 18J 

14.0 19,7 


108.5 

Ti,r 




Oct. 29 


6.30A.M.-2.00P.M. 


" Z9 


2.00 P. M.-9.00 p. M. 


340 


27.0 


5.16 


0,57 


112 


U.0 21.7 


50.9 


" 29 


9.00P.M,-6.30*.M. 


800 


22.0 


8.77 


1.13 


138 


129 1 15.7 


82X) 




'I'otals .... 


1515 




18.15 


2.29 


3,33 


1S.6 


18J 


e».o 
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TABLE 11 


fondudcdY 










Date. 


Time. 


Vol. 


!K- 


ll. 


'&. 


SO. 


100 N,: 


loosOj: 




PjO, 


SO,. 


Oct. 30 


6.30 a, M-2.00 P.M. 


450 


23.0 


4.2.5 


067 


0.63 


15.8 


16,0 


98.5 


" 30 


2,00 P. M.-9.00 P. M. 


340 


26.0 


440 


0.9S 


1,12 


22.3 


25 5 


87.5 


" 30 


9.00P.M.-6.30A.M. 


595 


16.0 


6.19 
14.32 


0,86 


108 


13.9 


17-4 


80.0 




Totals .... 


13S5 


2,51 
0,30 


2£2 


17.0 ; 19.2 


W.0 


Oct. 31 &30A, M.-Z.OOP.M, 


17.S 


29.0 


3.27 


061 


9.2 18.6 


492 


" 31 2 00 P. M.-9.00 p. M. 


240 


31.0 


5.38 


054 


1.15 


100 21-4 


47.0 


" 31 9.00P.M.-6.30A.M. 


890 


14-0 


7.48 ■ 0,87 


099 


11.6 13.2 


87,8 




Totals . . , , 

6J0A.M.-2.00P.M. 


1305 




16.13 1.71 


2.75 

as4 


10.6 17.1 


62.0 


Nov. 1 


420 


20.0 


3.,57 


0J9 


10.9 


1.S.I 


72,2 


" 1 


2,00p.m,-9,00p.m. 


400 


28.0 


4,53 


1,03 


LO."; ■ 22.7 


23,2 


93.1 


" 1 


9.00P.M.-6J0A.M. 

Totals .... 


250 
1070 
335 


27 


4,07 


0,72 


0.72 


177 


17.7 


100,0 




24.0 


1038 


2.14 


2,31 

0.63 


M.0 


21,2 


92,6 


Nov. 2 


6.30A.M.-Z00P.M. 


3.92 0.40 


10.2 


16.1 


63,3 


" Z 


2.00 P. M.-9.00 p. M. 


345 


16.0 


4,60 


052 


056 


11.3 


12.2 


93.0 


" 2 i aoop.M.-fiJOA.M. 


790 


12.0 


4.79 


0.S2 


a74 


17.1 


15J 


lias 


ToUls .... 


1470 




13 31 


1.74 


1.93 


18.1 ■ 


14.5 


90.0' 


■ Some error has evWcnlly crept into the analyses oE 
sulphate analyses, since the Nj : SOj ratio is much lowe 
much higher than on any previous corresponding day 
covered until it was too laie to repeat the analyses. 


this day, probably 

r and the SOa ; Pj( 

ThU error was 


nto the 
)s ratio 
ot dis- 



Table 11 explains itself. Each day's urine has as before been divided 
into three parts, and each part analyzed by itself. The fourth set 
of figures for each day gives the total or average of the three periods. 
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It will be noted that the absolute amount of PjOg eliminated during 
this period is not always greater but may even be less on some 
nervous than on the adjacent good days. The absolute amount of 
phosphate eliminated in any given twenty-four hours would of course 
vary greatly with the amount and character of the food eaten; and 
the diet list kept by the nurse as well as our own nitrogen and 
sulphate determinations show that the patient almost invariably 
took more food on his good days. The relative amount of PjOj. 
/'. *■., number of parts of P^Oj corresponding to lOO parts of nitrogen 
and to 100 parts of SO3, is however invariably greater on the nervous 
days. 

Fhoaphate metabollBm of patient and control peraoD. — The un- 
broken daily alternations in the relative amounts of phosphoric acid 
eliminated through the kidneys during the thirteen days covered 
by Table II could scarcely be accidental, but neither can the figures 
obtained be considered as rigidly proving that we have here a case 
of abnormal phosphate metabolism. The changes in the ratios N^: 
P^Oj and SOg; PjOg might possibly be due to an increased con- 
sumption of nitrogenous material on the good days- 

The only way to get an approximate control of the figures obtained 
from an individual living on a mixed and irregular diet would be to 
have one or more normal persons living under the same conditions 
and eating the same diet. To use more than one person as control 
in this case was, however, out of the question, because of the great 
amount of analytical work involved,' 

Mr. Huwyler, the nurse, undertook at our request to serve as con- 
trot person, and for six days this program was carried out, Mr. 
Huwyler always sitting at the same table with the patient and eating 
as nearly as possible the same kind and amount of food. At the 
end of the sixth day the patient took such a hearty meal that both 
he and the nurse were somewhat upset during the night and the 
experiment was discontinued. 

The analytical results obtained from this experiment are recorded 
in Table III. The odd dates are the patient's nervous days. The 
relative phosphoric acid values expressed by the column lOO Nj : P2O5 
are certainly unmistakably different in the two cases. The ratios in 
the case of the control person are rather high when compared with 
what some investigators have considered normal, i. e., 17 to 20 PjO^ 
s, such as acidity, a 



„GoogIe 



Otio Folin and Philip A. Shaffer. 







Volume. 


Sp.Gr 


1.0-. 


., 


Gm. 


Date. 


Time. 










. 

















Patient. 


Control. 


Patient. 


Control. 


Patient. 


Control, 


Nov. 3 


6.30A.M.-2-00P.M. 


615 


255 


18.0 


28.0 


6,87 


3.86 


" 3 


2.00 P. M.-9.00 P. M. 


465 


315 


265 


30.5 


5.58 


6.55 


" 3 


9.00 P. M.-6J0 A.M. 


5B0 


320 


20.0 


3.15 


4.00 


5.79 




Totals . . . 


1660 


890 




.... 


16.45 


1620 


Nov. 4 


6.30a,M.-2.00p.m. 


490 


160 


23.0 


3iO 


5.13 


281 


.. 4 


Z.O0 P. M.-9.00 P. M. 


375 


275 


25.0 


35.0 


6.07 


5.28 


" 4 


900 P. M.-6.30 A. M. 


950 


430 


17.0 
.... 


34,5 


9.06 


937 

17.46 




Totals . . . 


1315 


865 




20.26 


Nov. 5 


6.30 A. M.-2.00 P. M. 


475 


365 


22.S 


32.5 


4.01 


5.62 


•' 5 


2.00 p. M.-9.00 P. M. 


4S0 


350 


265 


33.0 


5.89 


6.30 


•' -5 


9.00P.M.-6.30A.M. 


570 


280 


15.0 


36.0 


5.32 


6.17 




Tofals . . . 


l-';25 


995 






15.22 


\%m 


^ov.6 


6.30 A. M.-2.00 F. H. 


665 


275 


22.0 


34.0 


689 


4.98 


•■ 6 


2.00P.M.-9.00P.M. 


440 


375 


23.0 


27.0 


4.37 


5.13 


" 6 


900 P. M.-6.30 A. M. 


850 


375 


20,0 


29.0 


726 


6.54 




Totals . . . 


1955 


1025 
J 




.... 


18.52 


1665 


Nov. 7 


630 A. M.-2.00 P. M. 


4,W 


310 


23.0 


31.0 


4.54 


4.86 


" 7 


2.00 p. M -9.00 P. M. 


325 


700 


25.0 


13.0 


4.14 


5.59 




9.00 P. M.-630 A. M. 


525 


340 


190 


2ao 


6.91 


633 




1'olals . . . 


I300 


1.3,W 






l.^..^ 


1678 


Nov. 8 


6J0 A. M.-2,00 p. M. 


300 


280 


25.0 


3ao 


4.45 


4.8S 


" S 


2.00P.M.-9.00P.M, 


395 


375 


32.5 


29.0 


6.86 


7.12 


" 8 


900p.m.-6,30a.m. 


.sso 


590 


21.0 


25.0 


"' 


9.79 




TolaU . . . 


1275 


1245 




.... |[ 18.86 


21.76 1 
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p,o,. 


Gm. 


SO,. 
Patient. 


Gm. 
Control. 


100 N, 


: P.O,. 


100 Ni : s(v 


100 SO 
Patient. 


: P>o„ 

Control. 


Patient. 


Conlrol. 


Patient. 


Control, 


Patient. 


COIKIOI, 


1.50 


0.64 


1.21 


084 


21,8 


166 


17.6 


21.8 


124,0 


76.2 


1.S3 


1.52 


1.29 


134 


32.8 


23.2 


23.1 


20.5 


141,8 


113.4 


0.80 


1,50 


1.05 


1.15 


21.5 


25.8 


Z6.Z 


200 
20.5 


81.9 


130.4 
110.0 


4.19 

aao 


3.66 


3.S5 
1.00 


333 

0.48 


36.0 


22.e 

18.5 


2ZZ 


118,0 

80.0 




15-6 


19.5 




0,52 


17.1 


1CS3 


067 


111 


1.22 


0.89 


11.0 


21.0 


201 


16.8 


55.0 


124,7 


1.2J 
2.70 


2,04 


100 

3.22 


1-66 
3.03 


135 
13.8 


217 


11,0 
15.9 


17.7 


12J,0 


123.0 


3A7 


21,0 


17.3 


S3.e 


lil.l 


0.78 


l.IS 


0.59 


0.82 


19,4 


20.4 


14 7 


14.6 


132.2 


1402 


L.ll 


1.25 


1.15 


1,38 


25.6 


20.0 


19.5 


22.0 


122.0 


90.6 


HZ 


136 
376 


0.92 
2.66 


l.M 
3.23 


21.0 


22,0 

aos 


17.3 
17.4 


167 


1217 


132,0 


3.41 


2S,4 


17-8 


12S8 


116.0 


1.0.S 


0-82 


1.12 


089 


15.2 


16.5 


16-3 


17.9 


93.7 


92.1 


OAZ 


0.93 


0.86 


1,01 


14 2 


181 


19.7 


20.0 


72.1 


92.1 


1.10 


1.40 


1.16 


1-19 


15.1 


21,4 


ICO 


18.2 


9+8 


117.7 


Z.77 


3,15 

aso 


3,14 
0.73 


3.09 
0.99 


18,0 


18.« 


17.0 


IS 6 


88J 


10S.0 


a98 


216 


ia3 


16.1 


20.4 


134.3 


90.0 


1.2S 


1.01 


ass 


100 


30-2 


18.1 


20.5 


18,0 


147.0 


101.0 


1.81 


1.28 


1.10 


1.34 


262 


20.2 


15.9 


21.1 


164.5 


95.5 






















404 
0,S6 


3.1S 
0.8! 


2.68 
0.85 


3.33 
0.91 


126 


19B 

17-1 


172 


19.9 


161.0 


8S.fi 


.,., 


18,8 


65.9 


91.2 


1.18 


1.33 


1.16 


1,57 


17.2 


18.6 


17.0 


22.0 


1010 


85.0 


1.17 
2,91 


2.14 

4-30 


1.13 
3,14 


US 

3'Xi 
i 


155 
IS.4 


21.8 


15-0 
16.7 


15.2 
18.2 


103 5 


144.6 
109.0 


19.S 


es,T 
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per lOO Nj. It will be seen, however, that while the absolute values 
vary considerably from day to day in both patient and control per- 
son, the relative values in the case of the latter are fairly constant, 
varying from 19 to 22.6 while the corresponding values in the case of 
the patient vary from 13.3 to 26, and show again a 48-hour peri- 
odicity as pronounced as is the periodicity in the condition of the 
patient. The same difference may be observed in the relative phos- 
phate values obtained with reference to the total sulphates. The 
control figures are here not particularly uniform, probably on account 
of the varying proportions of sulphur in the food. The variations in 
the control (from 102 to 121) are, however, again entirely different 
from the alternating values shown by the patient (from 84 to 150). 

One striking feature noticeable in the above table is the increase 
in the 100 Nj : PjOg ratio of the afternoon periods above that of the 
morning periods of the nervous days as against the corresponding 
values of the good days or as against the simultaneous values of the 
control person. Different investigators have reached different con- 
clusions in regard to the question whether there is normally a rela- 
tive increase in the elimination of phosphates in the afternoon above 
that of the forenoon,' However this may be, the interesting fact is 
that it is only on the nervous days that the increase occurs. More- 
over, the change in the mental condition of the patient on the nervous 
days is not noticeable in the early morning but begins quite suddenly 
about ten or eleven o'clock, and from that time on continues unabated, 
and sometimes with increasing intensity, until evening. 

Uniform diet. — The results shown in Table III taken together with 
the results of Tables I and II would seem to leave very little room 
for doubt that the peculiar periodicity in the phosphate metabolism 
of the patient must be due to some peculiar condition in the patient 
and not to the character of the food eaten. To prove conclusively that 
this is so we decided to put the patient on a uniform diet This diet 
may seem somewhat lacking in variety, but the patient could not be 
depended upon to take any solid food except bread and butter after 
breakfast on his nervous days and we had to select a diet that suited 
his needs, and that could be duplicated with some accuracy from day 
to day, or at any future time. 

' The preponderance of evidence seems, however, to show that there is more or 
less of an increase, and a partial explanation of such a phenomenon might perhaps 
be found in the fact that nucleins wliich are rich in phosphoric acid are much more 
difScullly digestible than the other proieids. 
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100 N,: 


100 SO, : 


Ngio 


Date. 


Volume. 


Sp.Gr.» 

io- 


Gra. 


S- 








rim 








Gm. 




1265 


ZZS 








Pri)« 


SO, 


P.O^ 


Nov. 13 


I6.I 


3.71 


326 


2S0 


20.3 


lUO 




" 14 


930 


29,0 


17.0 


3 24 


339 


19.0 


2ao 


Ofi.« 




" 15 


960 


32.0 


17* 


3-81 


3.37 


u.e 


19.1 


118.0 


3-21 


'■ 16 


1030 


29.5 


1&2 


3.20 


3.36 


IT.B 


18.5 


ess 




'■ 17 


9a 


32.5 


17-0 


3.90 


3J4 


2e-& 


196 


iie.7 


0.55 


'• IS 


900 


33-0 


17.5 


3.34 


3.23 


18.1 


18.4 


lOS-O 


638 


•' 19 


850 


34.0 


16.9 


3.89 


3.25 


98.0 


19.2 


ISOXI 


IJO 


" 20 


820 


31.S 


lti.8 


3-02 


3.32 


18.0 


20-0 


00,0 




" 21 


lOS.^ 


30.0 


17.3 


4.34 


315 


2S.1 


182 


ISBA 


2.40 


" 22 


•m 


27.5 


16* 


309 


3.21 


18-6 


19.3 


90.0 




*■ 23 


- 935 


290 


16.1 


3.54 


3.18 


sa.0 


19.7 


111.0 


0.98 


" 24 


995 


25.0 


17.0 


3.14 


3.01 


18.1 


17.7 


UH.0 


2.16 


" 25 


915 


30.0 


155 


3.59 


3.12 


«.T 


19.7 


115.0 


1.13 


' Throughout these experimenta the specific gravity has been taken by means o( | 


otdina 




offou 




Tex 


books usually slate that utinometers should be tested by immersing Ihem in 


distil k 


d water. Tf they show the specific gravity of the water to be IXXJO they are 


suppo 


td to be serviceable. This is enlireiy misleading. Practically all uriiiometers 


in the 


market will be found to be tolerably correct at l.OCO while between 1.01."; and 


l.(MO 


vhere they mo^t need to be accurate they may shun an error of from 2 lo 5 


po.ms 





The diet consisted of the following ; 

Eggs (*ith shells) .S35 g. 

Kresh milk 800 c.c. 

Hreast of iiroiled chicken 30 g. 

Hread 200 g. 

Butter 75 g. 

Sugar SOg. 

Salt S g. 

Water (Dec. 13-131 600 c.c. 

Wale. (l)ec. 18-24J ICXM c.c. 
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These food products were all obtained from the hospital store rooms 
and were weighed out in the laboratory on the morning of each day. 
They have also been repeatedly analyzed but since the uniformity of 
the food is the only point which has any bearing on the subject of 
this paper the analytical data may be omitted here. 

In this series of experiments each 24-hour quantity of urine was 
collected together. The nitrogen and at times the phosphates of the 
fasces were also determined, but as they have no direct bearing on 
the subject of this paper they are omitted. 

The results of the experiments (Table IV) show conclusively that 
the periodicity in the N^: P3O5 and SOj: PjO^ ratios is due to some 
kind of periodicity in the metabolism of the patient. Here we have, 
as is clearly shown by the figures of the table, no increased nitrogen 
or sulphate elimination on the good days. The nitrogen- and sulphate 
elimination is in fact remarkably constant, as is shown both by the 
ab.solute amounts eliminated and by the uniformity of the N^: SO3 
ratio. The alternation in the phosphate elimination is on the other 
hand as pronounced as ever. 



Discussion of Results. 

Having thus proven the existence of this 48-hour periodicity in 
the phosphoric acid metabolism of the patient the question presents 
itself as to what the explanation may be. 

It is thought that the periodicity might possibly be due to a cor- 
responding increase in the secretion of hydrochloric acid in the 
stomach, and that this excess of acid by acting on the less soluble 
inorganic phosphates of the food might cause an increased absorp- 
tion and subsequent elimination of phosphoric acid on the nervous 
days. If this were the ca-ic we should expect that the addition of 
hydrochloric acid to the food on the good days or the addition of an 
alkali to the food on the nervous days should so change the phos- 
phate elimination as to make the nitrogen-phosphate ratios or the 
sulphate-phosphate ratios more nearly alike on tlie two sets of days. 
At the end of the last .leries of experiments (on November 26) the 
patient received accordingly logethcr with his food 150 c.c. tenth- 
normal hydrochloric acid and on the following nervous day (Novem- 
ber 27) he was given four grams of sodium bicarbonate. The results 
obtained from this experiment seem to sliow conclusively that the 
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relative amount of phosphoric acid eliminated is not dependent on 
changes in the hydrochloric acid secretion of the stomach. 
TABLE V, 



Date. 


VoL 


!V-" 


N. 
Gm. 


5S- 


SO, 
Gm. 


100 N,: 


100 SO,: 


Remarks. 


P»o. 


SOa 


p,o. 


Nov. 2f, 

" 27 


1155 
1200 


26.5 
25.0 


18.7 
16.4 


3.60 
3.99 


3.67 
3,17 


19.S 
34.9 


196 
193 


08 
liU 


l.SO c,c. ,"b HCI. 
SOcx. after each 

meal. 
4gm. HNaCO,. 



It will be seen (Table V) that the amount of phosphoric acid elimi- 
nated on the good day, November 26, is indeed increased by the 
addition of hydrochloric acid to just about the average amount 
obtained on the preceding nervous days from the same diet. To- 
gether with this increase we find, however, a corresponding increase 
in the elimination of nitrogen and sulphuric acid, thus leaving the 
nitrogen-sulphate-phosphate ratios practically unchanged. Since 
there is no such increase of nitrogen and sulphates on the preceding 
nervous days of the uniform diet series we can consider the above 
hydrochloric acid hypothesis disproven. The same conclusion is to 
be drawn from the results of the sodium carbonate experiment 
The amount of phosphate eliminated on this day is rather increased 
than diminished. 

If the periodicity in the phosphate elimination is not due to a 
periodicity in the digestion it might be supposed to be due to a 
periodicity in the absorption. Such a selective periodicity in the 
absorption of phosphates alone and independent of the digestion 
would have to be confined to the inorganic phosphates. The absorp- 
tion of inorganic phosphates, could, however, scarcely be indepen- 
dent of the chemical reaction of the digestion mixture. The results 
obtained from the addition of hydrochloric .icid and sodium carbon- 
ate to the food seemed to indicate that the phosphates absorbed 
must be largely organic. In order to gain some idea of how much 
of the absorbed and eliminated phosphoric acid is due to the inor- 
ganic phosphates of the food, we attempted to reduce this factor by 
adding to the food on a nervous day 15 grams magnesium chloride. 
The absolute as well as the relative amount of phosphate eliminated 
was not appreciably diminished by the addition <)f magnesium chlor- 
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ide. We are therefore inclined to think that in this case at least the 
inorganic phosphates of the food form a much smaller proportion of 
the absorbed phosphates than is generally supposed.' 

It certainly did not seem at all probable that the excess of phos- 
phates eliminated on the nervous days above that eliminated on the 
good days could be due to a periodically increased disintegration of 
bone tissue. In order to be certain that this was not the case the 
percentage of alkali phosphates was determined on four consecutive 
days, November 14-17. The percentages found were 76, JT, 80, 75, 
in the order named. There is therefore no increase of the earthy 
phosphates on the nervous days, and any increased disintegration of 
bone tissue is thereby excluded. 

Early investigators, especially Zuelzer and Mendel, did considerable 
work which was intended to prove that an increased elimination of 
phosphates, especially an increase in the relative amount of elimi- 
nated phosphate, is due to an increased nerve metabolism. Feder^ 
showed definitely in 1881 that such views are untenable, and his 
arguments have since been quoted by almost every succeeding writer 
on the subject. Fedcr's argument in brief is that to explain the 
varying N^: P3O5 ratios for different parts of the same day by an 
increase in the nerve metabolism it would be necessary to assume 

' In this connection we wish to refer to the experiments made by RirsELL 
under Hoppb-Sevlek's direction on the effect on Ihe phosphoric acid absorption 
of converting the phosphates of the digestive tract into earthy phospliates. 
(See Hoppe-Srvleh's Medicinisch-chemische Untersuchungen, i8()8, p. 319.) 
KiESELL found that by adding 30 grams calcium carbonate to the food per day he 
could reduce the amount of phosphate appearing in the urine to one-half or less of 
what was eliminated before adding the carbonate. These experiments, as it seems 
to us, do not show that which the investigators meant to show. By taking 
10 grams calcium carbonate with each meal it is clear that the acidity of the 
stomach juice would be more or less completely neutralized and the ]>epsin 
digestion would atop ; moreover the sodium carbonate of the chyle would react 
with the neutral calcium chloride and calcium carbonate mixture coming from the 
stomach and give calcium carbonate and sodium chloride. This would therefore 
again result in a neutral solution and the pancreatic digestion also would thus in all 
probability be diminished. That under such circumstances the phosphates of the 
urine should he much diminished is self-evident, but it seems equally sulf-evi<ient 
that the nitrogen elimination would be dimished and if Rii;sell and the later 
investigators who repeated the work had also made some nitrogen determinations 
it seems as if they must have found that they were simply making partial starvation 
ex|>crimenla. In view of these considerations Rll!SEI,I,'s (or HoJ'PE-Sevler's) 
discussion of the results obtained seems quite irrel;;vant. 

' Fkiibk : Zeilschrift tiir Hiulogie, tSSi, xvii. p. 531. 
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that one quarter of the entire brain must at times be disintegrated in 
less than two hours; that these varying ratios during the different 
hours of the day are due to the difference in time required for the 
absorption and elimination of the nitrogen and the pliosphates, and 
that the differences disappear when twenty-four hour quantities of 
urine are taken for comparison. 

Feder's arguments, to which nothing of consequence has been 
added by later investigators, however, cannot explain the phosphate 
variations recorded in this paper. We have here a remarkable coin- 
cidence of a purely mental disorder and an abnormal phosphate 
metabolism, and the conditions are not obscured by any other notice- 
able physical disorder of any kind. The old question of a noticeably 
changed or abnormal nerve metabolism, therefore, again presents 
itself. The ner\'ous system in general does contain certain character- 
istic phosphorus compounds in notable quantities, and why should 
these not be essential to at least a part of the specific metabolic 
processes of the nerve tissues, and why should they not also be sub- 
ject to noticeable disorders connected in one way or another with 
some mental disorders? It is not necessary to assume that an in- 
creased elimination of phosphates in such cases must necessarily be 
due to a corresponding disintegration of nerve tissues. Elimination 
of large quantities of sugar in the urine of diabetic patients or the 
elimination of albumin in cases of albuminuria is not supposed to 
represent a corresponding disintegration of living tissue. Similarly 
it is in this case at least not at all necessary to assume that the half a 
gram of phosphoric anhydride which is eliminated on the nervous 
days in excess of that eliminated on the good days must represent 
a disintegration of a corresponding amount of brain or nerve tissue 
ill order that the difference may be said to be due to a faulty nerve 
metabolism. The absolute amount of PjO^ eliminated is moreover 
not increased above that of the control in Table III when several 
consecutive days are taken into consideration, nor is it excessive 
when compared with the phosphoric acid contents of the uniform 
diet of November 15-25 (Table IV). We have fed other patients on 
exactly the same diet, and in the case of Mr. H. (general paralysis), 
where the nurse succeeded in collecting all the urine, the values 
shown in Table VI were obtained. 

On examining the total phosphate, nitrogen, and sulphate values 
obtained during the period between November 13 and November 25 
(Tabic V) we find that during the first six nervous days the patient 
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eliminated through the urine 23 grams PjOj lOig. Nj and 19.5 grams 
SOg. On the six aUernatiiig good days the patient eliminated ig 
grams PjOg, I05g. Nj and 19.5 grams SOg. The average for six 
consecutive days is therefore 3i grams P^Oj I03g. Nj and 19.5 
grams SO3. It will be seen that these values agree very closely 
with the corresponding total values obtained from Mr. B, (see 
Table VI). 

TABLE VI. 





Date. 


Volume. 


V- 


Cm. 


&s- 


SO, 
Gm. 


IM N, : 


100 so, : 


PiO. 


SO, 


P.O, 


Jan. 8 


1190 


ZS.5 


165 


3X» 


3J6 


18-7 


20.4 


92 


" 9 


800 


29.0 


15.0 


3.1s 


2.99 


2a8 


20.0 


lOS 


" 10 


IISO 


260 


17J 


3.43 


3.37 


2ao 


19.5 


101 


" 11 


1140 




17.2 


3.92 


3.44 


22.9 


20.0 


114 


" 12 


1800 


17.0 


18.4 


3.78 


3.61 


20.S 


2ao 


105 


" 13 


1330 


18.0 


19.5 


3.93 


3.67 


20.1 


19.0 


107 


Total for 6 days . . 


10S.9 


S1.8 


90.4 









It is clear therefore that in the case of the patient here investigated 
as in all others the total phosphoric acid elimination is first of all 
dependent on the amount and kind of food digested and absorbed. 
It is equally clear, however, that the excess of three grams phos- 
phoric anhydride eliminated on the six nervous days above that 
eliminated on the six alternating days is not dependent on the 
phosphates of the food- 

To explain therefore the peculiar daily variations in the phosphoric 
acid excretion which this case presents we venture to advance the 
following hypothesis: There exists in this patient on every second 
day a condition somewhat analogous to diabetes, in virtue of which 
the system or some part of it is unable to assimilate (organize) a part 
of the phosphate absorbed from the digestive tract. The non-assimi- 
lated phosphate is eliminated on the same day, and the total amount 
of phosphate eliminated on the " nervous " days is therefore greater 
than the amount eliminated by a normal person absorbing the same 
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amount of phosphoric acid from the digestive tract. On the alternat- 
ing days on the contrary a correspondingly less amount of phosphate 
than the normal is eliminated because on those days the system 
repairs the loss sustained on the preceding days.' 

Since the nerve tissues contain considerable quantities of organic 
phosphorus compounds and since the abnormal phosphate meta- 
bolism here described is associated only with peculiar mental symp- 
toms which must in tnrn be dependent on abnormal metabolic 
processes in the nerve tissues, these are the ones which are subject 
to an abnormal periodicity in their ability to assimilate " circulating" 
phosphates. This view is of course advanced only as a working 
hypothesis which it is hoped may lead to the finding of more facts 
in connection with the practically unknown field of phosphate 
metabolism. 

' This view would lo some extent involve the question of the old Voit-Pfliiger 
controversy as to whether the food constituents must be combined with living 
protoplasm before being oxydiied or split up and eliminated. The observed facts 
would indeed seem to indicate that a considerable fraction at least of the phos- - 
phoric acid constituents of the absorbed food is normally retained for some time 
before being eliminated and such retention could scarcely mean anything else than 
that intermediate synthetic reactions take place whereby the amount of "circulat- 
ing " phosphate is diminished. 

The question of how far the constructive metabolism of the food products 
absort)ed from the intestinal tract precedes their oxidation would seem lo offer an 
excellent field for renewed investigations in view of Cohnheih's recent interesting 
discovery of the new hydrolytic ferment " Erepsin " in the mucous membrane of 
the intestines (Hoppe-Seyler's Zeitschrift fiir physiologische Chemie, 1901, 
xxxiii, p. 451). and Loewi's supplementary proof that a dog could be kept in 
nitrogen equilibrium by means of Kutschek's crys tall liable end products o£ the 
trypsin digestion containing no peptones or albumoses (Centralblatt fiir Physi- 
ologie, 1903, XV, p. 590)- 
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ON THE QUANTITATIVE DETERMINATION OF TOTAL 
SULPHATES IN URINE. 

By otto FOLIN. 
[From the Chemical Laberatery oflhi McLean HatpOal/or Ihe Imane, Waverley, Masi.'\ 

TO make total sulphate determinations in urine according to the 
ordinary gravimetric method is a tedious operation, and yet it 
is the only method which gives reliable results. This is undoubtedly 
the chief reason why we have so few complete series of sulphate 
determinations in connection with metabolism experiments. Total 
sulphate determinations are, however, exceedingly useful in checking 
up metabolism experiments similar to those recorded in the preced- 
ing paper. Errors in the work or anomalies in the excretion are 
almost unfailingly detected by a comparison of the three ratios 
N2 : PaO^, N3 : SOg, and SO3 : PjOj. 

The method here described for making such gravimetric sulphate 
determinations in urine is the result of considerable experience and 
will be found to greatly facilitate the work: 

Fifty c.c. of urine is measured into a small Erlenmeyer flask (ca- 
pacity 200 c.c.) and after adding a small pinch, about 0.2 gm., pure 
potassium chlorate and 4 c.c, chemically pure hydrochloric acid 
(sp. g, 1.20) the mixture is gently boiled for from fifteen to twenty 
minutes. At the end of this time the contents of the fiask should 
be almost as clear as water. If the contents are not colorless, or if 
they have been clear but have begun to grow dark again, the flask 
may be taken off the fire and a few more gr;uns of potassium chlorate 
added which will clear the urine' at once. (It is important that no 
chlorate should be added to the mixture while it is still boiling, 
because the contents of the flask will then invariably boil over.) 
Twenty-five c.c. of banum chloride solution (60 gm. crystallized 
barium chloride to the litre) ia next added, and the mixture is kept 
hot, but not boiling, for about forty-five minutes. The mixture can 
then be filtered, and an absolutely clear filtrate obtained. (An excel- 
lent filter paper for this work is Schleicher and Schull's black ribbon 
No. 589, diameter 9 cm.) 

The presence of potassium chlorate interferes according to Fre- 
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senius^ with the accurate determination of sulphuric acid for the 
reason that the barium sulphate then carries with it other salts which 
cannot be removed by washing with hot water. 

If, however, the barium sulphate precipitate is now washed with 
hot water, and alternately a few times with hot 5 per cent ammonium 
chloride solution the results obtained will be found to be accurate. 
One hundred c.c. of ammonium chloride solution, and not less than 
from 500 to 700 c.c. of hot water should be used for the washing, and 
this washing should be continuous for not less than half an hour. 

The moist filter paper and precipitate is folded, and is also gently 
pressed for a moment between another piece of ashless filter paper. 
It is then immediately transferred to a weighed porcelain crucible; " 
the latter is placed on a porcelain plate or pipe-stem triangle, and 
two or three cubic centimetres of strong alcohol are poured on the 
filter and ignited- The burning alcohol dries the filter paper without 
sputtering, and with scarcely any loss of time. If the filter does not 
seem dry enough for ignition (and it should be perfectly dry) 
another cubic centimetre or two of alcohol may be added and 
burned. This will dry the filter so thoroughly that it will usually be 
ignited by the flame from the alcohol, and continue to burn after the 
alcohol has disappeared. 

To calculate the amount of SOg corresponding to any given weight 
of barium sulphate multiply by the factor 0.34293. This multiplica- 
tion is inconvenient especially when one wishes to preserve all the 
figures in a notebook. The following simple calculation may be 
substituted: divide the weight of barium sulphate first by 3, then 
by 100, and add the quotients together. This can easily be done 
by inspection. For example, suppose that 0.3246 gm. barium 
sulphate Is obtained. 

0.3246 divided by 3 - 0.1082 

03246 •• 100 = 0.0032 

Tola! .... 0.1114 

The direct multiplication by the above factor gives o.i 1 13 gm. SOg. 

■ Ze^tscTirift fur analytische Chemie, 1880, xix, p. 53, 

' For practical work small porcelain crucibles without covers may be used and 
half a doien determinations may be made wilhoul reweighing the empty crucible. 
Each precipitate is simply brushed out by means of a small camel's hair brush 
before using the crucible again. After about half a dozen ignitions the crucible 
should be re-weighed as it will then be found to have gained in weight, usually 
about half a milligram. The crucibles may be numbered by means of an ordinary 
" blue pencil for writing on glass" and Ihis numbering will not be burned off. 
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The above method for determining total sulphates in urine should 
give at least as accurate results as the ordinary Baumann-Salkowski 
method described in most text-books on physiological chemistry. 
The Baumann-Salkowski method is open to two sources of error, 
both of which are eliminated in the above procedure, In the first 
place, the barium sulphate precipitate obtained by the usual method 
is contaminated by much organic matter, and especially by large 
quantities of uric acid. Since uric acid cannot be precipitated free 
from mineral matter by means of acids it is clear that the uric acid 
remaining with the barium sulphate will leave a certain amount of 
ash on ignition. The other source of error, of which Baumann as 
well as Salkowski seems to have taken no notice, is the fact that 
moist barium sulphate cannot be washed with alcohol, because the 
first addition of this reagent will invariably carry some of the pre- 
cipitate through the filter paper. 

It may be added that the method suggested above for decolorizing 
the urine is also applicable when the total sulphates are to be 
determined volu metrically. The end point of the titration is thus 
much more readily distinguished, first, because of the transparency 
of the solution, and secondly, because the barium precipitate settles 
much more rapidly and completely in the presence of the chlorine 
formed from the chlorate and hydrochloric acid. The volumetric 
method is, however, not so accurate as the gravimetric method. 
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References to Previous Work. 

RESEARCHES into the physiology of muscle in the lower forms 
of animal life are meagre as compared with those in the verte- 
brate group. Nevertheless important and conclusive work has been 
done on numerous representatives of the invertebrates. Prominent 
instances of such researches are those of Richet^ ('82), Luchsinger 
('82), Biedermann ('87), Rollet ('8g), and Piotrowski ('93) on Ar- 
thropoda ; molluscan muscle has been studied by Coutancc {'78), 
Pawlow ("85), Biedermann ('86), Fuchs ('94), von Uexkull ('92), 
and Bottazzi ('98) ; Biedermann ('89) has experimented with the 
muscles of Echinus and Holothuria; and Bottazzi ('98) has taken 
graphic records of the contractions of the tube feet of Asteropecten. 

1 The number in parenthesis refers to the bibliography (page 1 78) a 
of the last two figures of the year of publication, 
■55 
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Annelid muscle and nerve have been dealt with by physiologists 
in various ways. As early as 1880, Krukenberg ('So") studied the 
normal movements and coordination. Friedlander ('88) extended 
these observations to experimentation on removal of portions of 
the nerve cord. At the same time Biedcrmann ('89) and his pupil 
Furst ('89), using earthworms, Arenicola and Hirudo, made numer- 
ous observations on changes in the superficial appearance of the 
cuticle of intact, alcoholized animals, during stimulation with a con- 
stant electric current. Loeb ('94) has made a study of the brain 
functions, and of movements due to irritation of the surface of intact 
and decapitated earthworms. Later in the same year the same line 
of experimentation was taken up and published upon at some length . 
by Friedlander ('94). The retractor and proboscis muscles of 
Sipunculus nudus have been investigated with constant, induced and 
tetanizing currents by von Uexkull ('96) ; Bottazzi ('98) more recently 
studied the same objects, though he made special note only of spon- 
taneous contractions. The only consecutive experiments, carried 
along lines comparable to those adopted in the present paper, were 
those published by Straub ('00), and comparison with his results 
will be made wherever procedure was sufficiently similar to war- 
rant it. 

Material and Methods. 

The following is a record of a series of experiments, the object 
of which has been to ascertain, by methods entirely comparable 
with those used in investigating the skeletal muscle of a vertebrate, 
the behavior of muscle of such a nature as is presented by an an- 
nelid, when subjected to stimuli of different sorts and degrees. 
Such experiments, then, would come under the general head of 
smooth muscle study, although, as is well known, annelid muscle 
differs considerably in its histology from ordinary smooth muscle, 
such as the muscle of the alimentary canal and urino-genital organs 
in vertebrates.^ 

The form employed in the present investigation was the common 
earthworm. For convenience in manipulation the largest obtainable 
specimens were used. 

' For the distribution of smooth and striated muscle among tlie different animal 
phyla, see MARSHALL; Quarterly journal of microscopical science, 1887-88, 
ixviii, p. 7S ; and for an article on tlie histology of the earthworm, sec Clapa- 
RBHE : Zeilschrift Cur wisseiischaftliche i^oologie, i86g, iv, p. 563. 
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In such an animal, the presence of more than one set of muscu- 
latures complicates the experimental results, where the purpose is 
to ascertain the action of a simple muscle band. For instance, while 
each system in the portion of the worm from behind the crop region 
to the posterior extremity has uniform relations with other parts, a 
piece consisting of a single segment- or more furnishes two sets of 
muscles which work in directions at right angles to one another. In 
practice ten to fifteen segments was found to be the most convenient 
length. On stimulation of such a piece, there would result a con- 
traction of the circular musculature, tending to lengthen the piece; 
and of the longitudinal, tending to shorten the piece. To do away 
with either set, then, it is necessary merely to cut it in such a way as 
to render its contractions of no effect. Thus, in attempting to get 
the effect of contraction of the longitudinal muscles alone, the piece 
of the worm cylinder should be slit lengthwise on one side; several 
facts, which will be referred to later, indicate sufBciently that the 
circular muscles so treated may practically be left out of account, 
and the piece may be considered as a single longitudinal muscle 
preparation. 

In connecting such a preparation with a recording lever, the seg- 
ments show a tendency to break apart. If the muscle be grasped 
in a clamp, it is almost sure to break in two from mechanical rea- 
sons; this can largely be avoided by suspending the muscle and 
connecting it with the lever by ligature threads tied tightly around 
it. Fine copper wires at either end served as electrodes. Further 
methods were identical with those used in ordinary experiments with 
skeletal muscle, e.g. that of a frog, the contractions being isotonic 
and the lever weighted lightly. 

Spontaneous Contractions. 
The more recent demonstrators of spontaneous movements in 
smooth muscle are: of the bladder, Langley and Anderson ('94), 
Griffiths ('95), and Stewart ("00); of the retractor penis, Sertoli 
('83), Langley and Anderson ('95), Schultz ('97), and de Zilwa 
('01); of other preparations, Ducchesi ('97), Harbcra ('9S), Bot- 
lazzi ('97), and Woodworth ('99). These investigators are about 
evenly divided in opinion as to the ultimate cause of this spontaneous 
activity, whether such movements are the responses to impulses 
from some nervous centre or tissue, or the expression of a normal 
characteristic of the muscle itself. 
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In the case of Lumbricus, Frtcdlander ('94) found that, notwith- 
standing the fact that he had removed the nerve-cord from five to 
ten segments in the middle of the worm, the parts of the worm an- 
terior and posterior to that area did not move as separate individuals, 
but the impulses were carried across the nerveless portion in such 
a way that coordinated movements still resulted. The relation of 
this to spontaneous movements, however, is not very close. More 
apropos to the point in question than this arc the results described 
by Straub ('oo), who found spontaneous contractions, even though 
he had removed the nerve-cord from the entire preparation. 

This finding is at complete variance with what has come into evi- 
dence in the present 



work, during which hun- 
dreds of experiments 
have seemed to show 
conclusively that sponta- 
neous movements are 
not present after com- 
plete removal of the cord. 
Straub removed the cord 
bycareful dissection with 
needles and forceps, and 
this fact may offer a clue 
to the cause of difference 
in our results. In all ex- 



ctiRE 1, — {a\ Tracing showing spontaneous move- 
ments in fresh preparation, whicli contained parts 
of nerve-cord. (4) Showing absence of 9|iontaneily 
in muscle from same animal as in (a), the nerve- 
cord removed, (f) Compound rhythm appearing 
after arrival of partial fatigue. Same muscle as 
in tracing (a). Time intervals, 4 seconds. One 
half the original size. 



periments connected with this research, save in the tracings of spon- 
taneous contractions immediately following, the cord was removed 
by cutting out completely the tissues of the mid-ventral line with 
scissors. Thus there would seem to be no chance of any part of the 
cord, or of the central ends of large nerves issuing from it being left 
in the preparation. In numerous cases where even a very little of the 
cord remained, spontaneity was evident, but never when the cutting 
was carefully done. Lest spontaneity might have been inhibited by 
the shock of cutting, control preparations, before being used, were 
left in moist chambers for an hour after the operation, but in these 
also no automatic contractions appeared. On the other hand, and in 
agreement with Straub, a piece of an animal in which a cut is made 
along the side, or dorsal surface, the cord thus beioR preserved, shows 
spontaneous contractions for a considerable time. Fig. i shows trac- 
ings taken from the same animal, illtistrating these observations. 
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Bowditch ('97), Woodworth ('99), and Stewart ('00) in particular 

have called attention to a very marked regular rhythm in the sponta- 
neous contractions of smooth 

muscle. It happens in a ma- 
jority of cases also that while 

a simple irregular rhythmical 

character is given to the curve — ■ 

which is recorded when the 

preparation is fresh, after partial fatigue 

has been induced, a compound rhythm 

appears; an instance of this is to be seen 

in tracing (c) of Fig, i. This complex 

activity on the part of the muscle may, 

however, assert itself from the beginning, 

and Fig. 2 is offered as illustrating repre- *~" 

sentative instances of this nature. Trac- Figuri 

ing (a) shows a distinct difference in the 

character of the two rhythms: the curves 

designated by dots have a rather broken, 

unsteady ascent, but a quite free and 

rapid descent; those marked by crosses 

have a more symmetrical shape, with 

rounded, instead of sharp, apices. These 

two sets of contractions have time inter- 
vals which are more or less inconstant, 

and a fusion of the two occasionally results. Such is the case in the 

next to the last curve of the dotted series, as is evidenced by its 

unusual height, 

A^A^A/^Aw r-j^^ ~^^^_, ^__ _ the suddenness 

with which it 
reaches its apex, 
and the gradual, 
broken relaxation 
period ; a further 
effect of the sum- 



— (n) Automatic move- 
ments in fresh muscle contain- 
ing the nerve chord. Two 
rhythms, as indicaled by dots 
and crosses, (heir rates differ- 
ing slightly, (i) Another 
tracing of characteristic move- 
ments in preparations contain- 
ing the nerve cord. Time 
intervals, 2 seconds. One half 
the original size. 



> 



CUKE 3. — Record of spontan 
return in quiet piece of m 
nerve chord by mechanical 
nurmal saline solulioii LI 



I contractions mduced tc 
e contRmmg pails o[ the 
timiilaiing uith a drop of 
o„ial)h record 4 second 



mation seems to have been to abolish the succeeding contraction of 
the dotted series type. Fig. 2 {d) is a further example of the com- 
plex activities of the muscle showing two more or less regular, 
simultaneous rhythms. 

The above described voluntary contractions cease after a time, but 
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within a limited period are readily induced to return, for a short 
interval, by a single stimulus. This fact is illustrated by Fig. 3, in 
which the muscle was mechanically stimulated by the mere falling on 
it of a drop of normal saline solution. It should be noted in passing 
also, that these movements, performed after the muscle is past 
its period of more energetic activity, have a regular, symmetrical 
character not noticed in the fresher preparations generally, A 
similar difTerence in the nature of spontaneous contractions is noted 
by Stewart ('00) In the cat's bladder, when just excised, and when 
retained for some hours. 

It should be added that the above tracings were not recorded with 
a Pfliiger's vertical writing lever, but with a tangentially writing 
lever of the third class; however, that fact does not interfere with 
their value in the connection used. All other figures in the paper 
were made with the first named pattern. 

R.ESPO.N.SE TO SINGLE INDUCTION SHOCKS. 

a. Latent period. — On provoking a contraction from this prepara- 
tion, there is present a very appreciable interval after the stimulus is 
given, before contraction commences. Straub C'oo) states the 
maximum value of the latent period as o.oi second. Numerous ex- 
periments have seemed to point to a much greater interval; /. c, 
although the variation is considerable, an average period equals 0.024 
seconds. This is scarcely more than one-tenth that described by 
Stewart ('00) for the bladder of the cat, and by de Zilwa ('01) for 
the retractor penis of the dog. 

b. Contractioii. — In his account of single contractions of the 
earthworm muscle, Straub notes a great deal of difference in the 
character of the curves obtainable, and the same phenomenon has 
been evident throughout the present investigation. Two quite 
distinct forms of curve, and a third combining elements of the first 
two, can frequently be obtained at will, by a very slight variation 
of the stimulus, such as is effected by moving the secondary coil of 
an induction apparatus one-half a centimetre toward or away from 
the primary. The direct relation between strength of stimulus and 
height of contraction which is characteristic of ordinary skeletal and 
smooth muscle as distinguished from cardiac, is also present here, 
but in connection with other constant results which seem worth 
consideration. 
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The three sorts of responses referred to are illustrated in Fig. 4 
(a), where the different forms of curve were obtained with the 
secondary coil distant from the primary 13, 12.5, and 12 centimetres, 
respectively. The method of " after-loading " was followed here, 
thus avoiding any error which might arise by the muscle becoming 
progressively more relaxed, and consequently lifting the load while 
its own degree of contraction differed in one case from that in 
another. In this record, too, the colls, having been approximated 
as described, until the ditTerence in behavior of the muscle occurred, 
were gradually 
drawn apart 
again by the 
same interval; 
in this way there 
would seem to be 
ruled out the 
possibility that 
the change in 
form of the curve 
might be due to 
fatigue, or some 
deterioration in 
the preparation. 
A better exam pie 
of this difference 
in response to a 
single stimulus 
is shown in (i) 

of the same figure. The difference in position of the coils was two 
centimetres and one respectively. The first curve shows immediate 
and almost complete relaxation, after a still more rapid contraction. 
The third contraction, taken with the secondary coil three centi- 
metres nearer the primary, is almost an exact parallel to the curves 
figured by Stewart ('00) for the cat's bladder, differing only in the 
latter part of its relaxation period. At seven centimetres a con- 
traction appears showing two periods of contraction and two of 
relaxation ; the 6rst rise is, like any other, comparatively very 
rapid ; relaxation commences at the same rapid rate as in the 
curve taken at nine centimetres, but this soon changes to further 
contraction, so that the lever again rises slowly, and for a short 






Figure 4.-(a) Showing com 


factions of Lumbricus muscle in 


res|>onse lo single induclic 


in shocks. Secondary coil at 11.5 


cm. when second of large 


contractions was made; ap|iroach 


to, and recession from this 


point were made with difference 


m [.osition of coil of O.S ci 


■a. between tach two contractions. 


Time intervals, 10 seconds. 


(*) Single contractions, the coil 


being at 9, 7, and 6 cm. 


tespeclively. Time intervals, 4 



snds. One half the original s 
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distance; these movements are then followed by a comparatively 
long and slow relaxation as in the case of the curve taken at six 
centimetres. With regard to the form of the curve resulting from 
stimulation when the secondary was at seven centimetres, it is 
interesting to note in passing that it is exactly similar to what 
has been figured as the action of skeletal muscle after being 
poisoned with veratria. Such a form of curve, then, is not unique. 
The different behavior of white and red muscles of higher forms 
may also be recalled here. The curve given by an annelid muscle 
when stimulated with a weak shock has numerous points in common 
with that given by a white muscle : while a strong shock provokes 
activity similar to that of a red muscle. 

Straub ('oo) gives no very detailed discussion of the cause of these 
two sorts of contraction, but thinks a reason for the phenomena can 
be found in the condition of the muscle respecting fatigue. Aside 
from this theory, he finds evidence which would seem to indicate that 
the contractions giving tracings with sharp apices and fast relaxation 
curves are characteristic of muscle in a condition of regeneration. 
The rSle which fatigue may play in this matter can be better dis- 
cussed in the section of this paper dealing with fatigue; in a word, 
however, that factor does not seem a sufficient explanation. An 
observation which appears to strengthen Straub's conclusions as to 
regenerating muscle is noted in a later paragraph, and is that a 
preparation from the posterior end of the worm is, as a rule, much 
quicker in action than a piece from the middle or anterior regions. 
The piece from the posterior end is, of course, from the area in which 
new segments are being formed and consequently muscle from this 
region js legitimately comparable with that produced in regenerating 
animals However, while regenerating muscl? may react only in the 
manner described by Straub, that circumstance would not account 
for the phenomena in normal, fully developed tissues. Rather than 
from a consideration of the condition of the muscle respecting 
fatigue, or incomplete formation, it has seemed that one could not 
safety describe a curve as typical or characteristic, unless at the 
same time something be said with regard to the strength of stimulus 
employed; and even then, the results will vary widely with the 
length and thickness of the preparation. 

To make this point of view appear more justifiable, it will be 
advantageous to give an account of one or two related experiments, 
which further indicate the necessity for considering the influence of 
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strength of stimulus. In the course of the experiments, the stimulus 
was varied in some cases by moving the secondary coil from the 
point of minimal shock resulting in contraction, toward the primary 
by certain constant intervals. At other times the secondary was left 
stationary, and the primary current varied by a rheochord, but the result 
wa:s the same in either case. The action of the m uscle was as follows : 
after the point of minimal response is reached, as the severity of the 
shocks is increased, the contractions resulting show a gradual in- 
crease in 
height 
during 
the first 
few (4-^), " 
after 



which 
time, though the stimulus 
is strengthened by a 
constant moving of the 
secondary coil toward ^_ 
the primary, or, leaving Yvr.m 



Mimill 



: 5. — (it) A tracing showing responses to single 
shocks; the first 



n made with the coil a 
11.1 cm. ; it was moved 0,3 cm. between each two 
oCthe succeeding curves. Time interval, 4 seconds. 
{b)\ Record of same experiment as in {a), but 
the stimulus varied by a rheocord. the drum turned 
by hand, and muscle allowed lo relax with lever 
in same line as during contraction. One haif the 
original size. 



the secondary in a con- 
stant position, by lessen- 
ing the resistance shunt 
in the rheochord, never- 
theless, there appears no 
proportionate icnrease in 
the height of the contrac- 
tion responses. At the arrival of a certain intensity of stimulus, 
however, the contractions increase in height to what has been 
called a "secondary maximum," beyond which no further increase is 
obtainable. This result was first figured by Fick ('64) for skeletal 
muscle. 

In Fig. 5 are given two curves taken from annelid muscle, showing 
the above described action. Record {a) is one taken on a moving 
drum, on which were recorded contractions made in response to a 
double (make plus break) stimulus, while the secondary was moved 
a uniform distance nearer the primary each time, between the con- 
tractions. After the first two or three contractions, no difference in 
the curves is prominent until the last three are reached, and a 
" secondary maximum " is obtained. It should be observed here that 



oy Google 



164 Robert A. Budington. 

the contractions constituting this " secondary maximum " give the 
sort of curves represented by the third contraction in {fi) of Fig. 4. 
Tracing (j) was taken with the drum turned by hand ; the lever was 
here adjusted so that it rested on a support when the muscle showed 
complete relaxation, and to this support the lever was allowed to 
return each time, thus assuring relaxation between each two contrac- 
tions. The stimulus was increased, in this case, by a rheochord, the 
secondary coil remaining stationary. A "secondary maximum" is 
again a character of the record, and beyond its height no increase is 
to be gotten. 

Lest it might be contended that the extent ol contraction of the 
muscle, i.e. its compactness after so vigorous a contraction, brought 




Fjgure 6. Single and summated conlraclions. Pirsl three curves, taken wJlh the coil 
at 9 cm., are results of 2, 4, and 6 stimuli respectively. Last three contractions 
obtained with the coil at 8, 7, and 6 cm. respectively. Time intervals. 1 seconds. 
One half the original size. 

about a condition from which it could not relax as readily as from a 
weak contraction, Fig. 6 is added, in which the secondary coil was at 
9 cms. from the primary during the first three stimulations. The 
first curve was due to two shocks (i. e., make plus break) ; the second, 
to four; the third, to six. The last three curves in the tracing were 
taken with the secondary at 8, 7, and 6 cms., respectively; with this 
stronger stimulation we obtain a curve of height equal to that gotten 
by a summation of six stimuli of lesser intensity ; but the difference 
in relaxation is most evident. This seems to show quite clearly that, 
not so much the compactness of the muscle resulting from a strong 
or extensive contraction, but the strength of the stimulus is the potent 
influence in determining the rate of relaxation, and the consequent 
character of the muscle curve. 

Approximate times of contraction and relaxation for the three forms 
of curves noted may be tabulated as follows, the ratio only being 
preserved and not an actual record in seconds, since this varies with 
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the height of contractions, and this, in turn, is dependent on the 
length of the preparation used. 




Response to Multiple Induction Shocks. 

a. Suimnatloi). — The result of repetition of stimuli in the muscle 
of Lumbricus is similar in almost every respect to the response of 
striped and of other smooth muscle. A 
graphic record of an experiment in sum- 
mation is inserted as Fig. 7. In («) the ^ 
first curve is the result of a single stim- 
ulus; this is followed by a contraction, >u 
provoked by double the stimulus ; 
this in turn by stimuli at inter- 
vals apart, as denoted by the 
seconds line. It is noticeable ^ 
that the second contraction, 
which is due to double the stim- 
ulus of the first, shows also 
double the height. Within cer- 
tain limits, this relation has been i'" 
found to be the rule ; i. e., if the 
stimulus is strong enough to 
produce only a moderately high 
contraction, a repetition of the 
stimulus, whether or not delayed 
until the muscle has partially re- 
laxed from its first ascent, provokes a response nearly, if not quite, 
equal to the first contraction. This is indicated in tracing {h) of the 
same figure, first curve. It is still better shown in the first three 
contractions of Fig. 6, where the second contraction is due to twice 
the number of stimuli in the first, and the third to three times as 
many. Similarly the height of the muscle curve, when provoked by 
a Faradic current, varies with, though not quite in direct proportion 
to the length of time of stimulation. 

When looking for the cause of such a result, one is tempted to sus- 



URE 7. — {") A tradiig 'in Jwhich was ic- 
corded ihe iStrX of a single ilimulus, fol- 
lowed by a series showing response of the 
muscle Id Iwo slimnli given at intervals of 
varying length as shown by the seconds time 
curve, {.h) Record of the development of 
tetanus. Time in seconds. Orte half the 
original size. 
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pect that some segments of the worm contract in response to the 
first stimulus, while other parts respond to the further shocks, especi- 
ally since the former segments are already in a state of contraction. 
Such an explanation docs not appeal very strongly, however, since at 
each stimulation the current must pass from one end of the prepara- 
tion to the other. A close watch of the muscle, also, furnishes no 
indication of such being the case ; but rather indicates that further 
contraction of the same segments, which responded to the first shock 
takes place upon repetition of shocks. 

b. TetanuB. Fig. ^ (J>) shows the development of tetanus in this 
muscle. It is found that about four stimuli per second are necessary 
to produce a "plateau ;" this is to be compared to three in the cray- 
fish muscle (Richet, '82), seven in the frog's stomach (Woodworth, 
'99), one in the cat's bladder (Stewart, '00), and thirty to one hun- 
dred in the frog's gastrocnemius muscle (Sanderson, '00). 

Influence of Constant Currents. 
a. Contraction pbenomena. — A preparation of the longitudinal mus- 
cle of Lumbricus responds with a contraction at both making and 
breaking of a current. Such a result is 
characteristic of smooth muscle in gen- 
eral. The constant current also acts as 
a stimulus during its flow, but, contrary 
to the accounts of some writers work- 
ing on other forms of muscle, the break 



FlouKB 8. — (u) Record of the effect of make, flow, and break of a constant current of 
medijm strenKlh, on annelid muscle. A fall in the slimulation line jndicatts make ; 
rise denotes |>oint of breaking the current. Time is marked in two seconds intervals. 
{h\ Another record showing the stimulating effect of a strong constant current when 
allowed to How for difTerenl lengths of time. Time intervals, 4 seconds. One half 
the original size. 

effect does not seem to be seriously lessened by the flow ; in fact it 
often exceeds the make contraction even after some considerable 
duration of the current. 

Winkler ('98) found no contraction response to a break of the cur- 
rent in the frog's stomach preparation, while Woodworth's ('99) 
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experiments with the same muscle show the response at the break to 
be greater than at the make of the current. Stewart ('oo) states 
that with the cat's bladder " the response to the make is generally of 
much greater extent than that following the break." Fig. S furnishes 
illustration of what obtains in annelid muscle. Record (a) shows 
the make contractions followed by the flow, and the break contrac- 
tions. The relaxation during the flow is observed to be slower than 
that following the break, white the latter contraction is seen to be 
more extended than the former. The duration of the flow, as Wood- 
worth and Stewart contend, is here also a definite factor in determin- 
ing the reaction of the muscle. Neither of these workers obtain any 
response when the make and break stimulations come close together. 
This result has not been obtainable as a rule in the annelid prepara- 
tion, but there is always a response of some degree. 



Fk:ure 9. — A record showing response of earthworm muscle Co (i) the make, {b) the 
make, flow and break, (<) the make, diminishing of, increasing of, and break of the 
constant strong current. Time intervals, 4 seconds. One half Che original size. 

Fig. 8 (p) shows the conduct of this muscle when treated with cur- 
rents for diflTerent lengths of time, as indicated by the four seconds 
time curve; this tracing also serves to confirm, in a striking way, 
Biedermann's opinion that each of the three factors' make, flow, and 
break of the current acts as a stimulus; and also indicates that, 
within limits, the longer the flow of the current, the more pronounced 
is the break effect. A separate response to make and break of cur- 
rent is not noticed unless about two seconds elapses between them. 
With longer intervals of flow, the break effect becomes more pro- 
nounced. Since the make and break, coming near together, result in 
a much reduced curve, the idea, for which Woodworth ('99) contends, 
that there is an antagonism between the effects of the make and break 
of the constant current, seems to be indorsed here. Such evidence, 
however, can be accepted as affording but the slightest support to so 
important a principle. 

While the last mentioned tracings furnish good proof of the stimu- 
lation attending the passage of the constant current, Fig. 9 is given 
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in addition as more clearly showing this point. The first contraction 
is due to the making of the current ; this was followed by a gradual 
turning off of the current with a rhconome; then the current is made 
again and allowed to flow as indicated, a slight contraction following 
the break. After relaxation, the current is made again, but immedi- 
ately turned off with a rheonome, the break effect thus beingavoided, 
At the point marked X the current was again gradually turned on 
with the rheonome and under the influence of sufficient intensity of 
current a contraction results. It was found to be impossible to turn 
on the current so slowly that no contraction would result. 

The current employed during the preceding experiments was fur- 
nished by two small storage cells, together having an E. M. F. of 
2.5-3.5 volts. 



Pjr.uRE 10. — A tracing, the first part oF which shows contractions following make and 
break in the induction apparatus ; the second pari indicates the make and break in- 
duction effecls, followed by a weak constant current ; in the last curve of the tracing 
the muscle was allowed 10 relax at its natural rate for a time, after which a weak 
constant current was turned on. Time intervals, 4 seconds. One third the original 

b. Relaxation phenomena. Inhibition of muscular contraction has 
been recorded by Langley and Anderson ('95); by Fletcher ('98) in 
the retractor of the hedgehog ; by Pawlow ('85) in the abductor mus- 
cles of Anodonta, and by Richet ('79), Biedermann ('98), and Pio- 
trowski (*93) in the claw muscles of the crayfish. But these results 
followed single or repeated stimuli, or were obtained by stimulation 
of nerves. Under the effects of the constant current, Luchsinger 
{'82) describes relaxation in the muscles of crabs, while Sertoli 
('83} notes relaxation as a result of using weak currents, and con- 
traction as the result of strong currents on smooth muscle. Wink- 
ler ('98) notes relaxation with the constant current, in the frog's 
stomach preparation, but Woodworth ('99) holds that this is due 
merely to the make effect, and that the current has no influence of 
itself. De Zilwa ('01) shows relaxation in a tonically contracted 
muscle. Stewart ('00) finds no such effect in the bladder muscle, 
as a result of current stimulation. 
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The Lumbricus muscle seems to add positive evidence on the side 
of a relaxing, inhibiting influence of the constant current, when this is 
weak, and when the muscle is in a state of continuous or temporary tonic 
contraction: the latter state nearly always follows a very strong shock 
from an induction coil. Fig. 10 is one of numerous tracings taken to 
verify this conclusion. The first two contractions are due to make 
and break stimuli from an induction coil. The slow relaxation is ap- 
parent. The next, curves show contractions due to shocks of exactly 
the same intensity as those used in provoking the first contractions, 
but immediately after breaking the primary circuit, a weak constant 
current was turned through the 
preparation, the resulting relaxation ■~— ^ 
being comparatively sudden and x,^^^ 

complete. In the case of the third V^^^ 

curve, the muscle was allowed to , ~ ~. ■,. 

relax at its own rate for a time and Figlke 11. — showing ihe relaxaiion of 
then the weak current turned on ' wnicaily coiuracied muscle when 

. , , 1 iL - .. treated with a weak constant current. 

with a rheonome at the point rime intervals. 2 second.. One half 

marked X. The response is so the original siie, 

immediate as to produce a distinct 

shoulder in the line of descent. Fully as marked as this is the result 
shown in Fig. 11, where a very prominent tonically contracted con- 
dition of the muscle gives way to a weak current: when this is sus- 
pended for a little time, tonic contraction is the condition again ; and 
this in turn becomes inhibited by the introduction of a weak current. 
Here the make itself causes a contraction ; but the flow is surely accom- 
panud by relaxation, and the break excites contraction again- In this 
instance it seems altogether evident that make and break effects are 
not unlike in their influence on the muscle; and also that the flow of 
the constant current causes relaxation. 

It should be added that the exact strength of current having the 
influence described was not determined, since any figure obtained 
would be applicable only to the particular case in hand. The current 
would necessarily be varied with the length and size in general of the 
piece of muscle employed ; and the different temperament (if such a 
term may be used) of different annelids, even of the same species, 
would have to be reckoned with as a determining factor. 
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The Influence of Temperature, 

a. On the mnscle tone. — A curve, as Fig. 12, showing the change 
of tone in a Lumbricus muscle during a rise in temperature from a 
low degree, possesses features approximately identical with those 
figured or described in literature for smooth muscle of higher forms. 
An earthworm preparation passes through but little change, regularly, 
at temperatures below 15° C. At about 20°, a very slow relaxation 
begins and continues till the neighborhood of 30° C- is reached. In 
experiments where a piece of the whole worm was used, or a piece of 
the longitudinal muscle layer containing the nerve-cord, the presence 
of a temperature of 30' to 34° C. induced a change in the spontaneous 
movements from slow, short, contractions, to quicker and compara- 
tively high ones. This observation agrees with Woodworth's ('99) 
results as to increase in activity of a muscle under these conditions. 



le muscle during a rise in tempeialure 
Is. One third the original sue. 

but differs in the fact that, with the frog's stomach preparation, the 
contractions become smaller, instead of more extensive. The tem- 
perature limits found by Woodworth also agree quite closely with 
those governing an earthworm muscle; i.e., the spontaneity of the 
preparation ceases at a temperature of 38° to 40° C. In the smooth 
muscle from warm-blooded animals, spontaneous movements persist to 
a temperature of 50° C. or thereabouts (Stewart, '00, de Zilwa, '01). 

Coincident with this excitation of spontaneous activity, at about 
32° a rapid loss of tone sets in, continuing till 42° is reached, when 
the tone improves again; at n" it falls rapidly, and the muscle dies. 
Coagulation and heat rigor appear at about 65"^ C, a temperature 
again agreeing closely with records of experimenters on other forms 
of smooth muscle. 

It is worth while to notice that, though pieces of an animal in 
which the nerve-cord as a whole or in part is still present exhibit 
spontaneity not previously shown, or an increase of activity already 
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in progress, yet in pieces from which the nerve-cord and tissues near 
by have been thoroughly removed, no spontaneous contractions occur. 
This seems a more precise test of the question of automaticity than 
any to which allusion has hitherto been made. As Woodworth ('99) 
found, in the frog's stomach a sudden increase in temperature of itself 
may excite contractions, which are, therefore, due, not to any intrinsic 
impulses, but to external irritation. 

t. On the character of the contraotloii. — The correlation of changes 
in the form of muscle curves with changes in temperature has been 
worked out in various preparations of vertebrate smooth muscle, but 
in very few, if any. of the invertebrate class. Temperatures at 
which maximum contractions are obtained vary widely, as would be 
expected, when the different normal temperatures and the very differ- 
ent natural environments of the animals, or tissues, aro recalled.' 

The extremes of temperature at which Lumbricus muscle will re- 
spond to stimulation are both within comparatively low temperatures. 
Furthermore the variations in tone of the muscle at different temper- 
atures make it difficult to obtain a record of experiments in a single 
series which will represent accurately the real behavior of this 
type of tissue. Again the strength of stimulus decides to such a 
marked degree the shape of the contraction curve, and a given 
strength of stimulus has such different effects at different tempera- 
tures, that composite tracings are obtained with the greatest diffi- 
culty, and a verbal description will be more desirable than a figure. 
A curve of slow contraction and relaxation is obtainable at 4°, The 
times occupied by contraction and relaxation both diminish, as also 
the latent period, and the contractions become higher, from 4° up to 
i5''-22°. It is between the latter temperatures that the most vigor- 
ous contractions are gotten. When 25° is reached, the muscle loses 
its irritability very rapidly, and beyond 34° C. it cannot be excited by 
the strongest induction shocks. So low a temperature is in promi- 
nent contrast to the results obtained by Morgen ('90) with the toad's 
cesophagus, in which this stage is delayed till 50° C- is reached ; 
and for other preparations irritability is retained at yet higher 
temperatures.^ 

' Gkunhagen's Lehrbucli, 1886, ii, p. izi ; Moroex: Unlcrsucliungen aus 
der physiologisdien Institut zu Halle, 1890, p. 165; Bottazzi And Grunuaum: 
Journal of physiology, 1899, xxiv. p. 63; Stewart: This journal, 1900, iv.p, rSj ; 
DE ZiLWA : Journal of physiology, 1901, xxvii, p. 200. 

" Stewart and de Ziuwa nole loss of irritability ai about 57°. 
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Friedlander ('94) and Straub ('00) have both made some ob- 
servations on fatigue in Lumbriciis muscle, resulting from repeated 
stimulation; but their accounts are too brief to allow of much 
discussion or comparison. Each, however, noticed that fatigue 
took place early in the experiments, when the muscle was made to 
contract frequently. In the present investigation, it has become 
apparent that a great deal of difference in the working ability of the 
preparations obtains, according as they are taken from the anterior 
I or from the posterior re- 

gions of the animal. As 
a rule, a muscle from the 
posterior end shows a 
much shorter period of 
contraction and relaxation than 
one taken from the anterior end. 
The consequence is, that if the 
former preparation is stimulated 
to a fresh contraction as often 
as it fully relaxes from a pre- 
vious one, fajigue results in a 
much shorter interval of time 
than in the case of the latter 
when submitted to the same 
test. The total number of con- 
tractions of which the posterior piece is capable is also less than in 
the case of the anterior piece ; but a brief consideration of the matter 
furnishes at least a partial explanation of this difference. 

It has just been remarked that the posterior end of an earthworm 
performs quicker movements, and there comes in here the possibihty . 
that the more numerous contractions of which the anterior end is 
capable may be due to the resuscitation of that muscle during its 
longer relaxation periods, and consequently a longer retention of 
power to contract. A very striking correlation between the height 
and vigor of a contraction, and the nature of the preceding con- 
traction is brought out in results like that reproduced in Fig. 13. In 
(rt), as the muscle fatigued rapidly in consequence of rapid action, 
the partial exhaustion shows itself in the longer relaxation periods 
which soon appear. Hut the outcome of these longer intervals is 



i;URK 13. — (•') A record allowing correla- 
lion lietweii the height of muscle ecu 
tion and length of the preceding rela;i 
period. (#1 [ndicales a similar rel 
between height of one contraction ar 
predecessor. Time intervals in both (rac- 
ings, 4 seconds. One half the ori| 
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that the muscle regains force and therefore the ability to make higher 
contractions; roughly, the height of the contraction is in direct pro- 
portion to the length of the preceding relaxation period. 

The second tracing in Fig. 13 shows the beneficial result of a small 
contjraction on the one following it. The cause of the small curve is 
uncertain, but the same principle involved in tracing {a) is thus 
brought out in another way. 

Fig. (4 is a reproduction of portions of a series of contraction curves 
taken from a single preparation, showing the effects of partial fatigue 
on the contraction of annelid muscle. This record was made by a 
preparation of eighteen segments taken from just back of the crop 
region, the apparatus being so arranged that the muscle was stimu- 
lated anew each time as soon as it had become nearly totally relaxed. 




^M^M^M^^^. 



While changes in the contraction phase are easily noted, the main 
effect of the fatigued condition is greatly to lengthen the relaxation 
period. The later curves in the series show relaxation to begin with 
increasing hesitancy, and to take place at a nearly uniform rate from 
the apex of the curve to the base line. Since the drum was moving 
at a uniform rate, we may note the relation between the distance 
over which the drum moved while the muscle was contracting and 
relaxing, and the height of the contraction. This relation, in the 
case of the second contraction is represented by the ratio T.\T, the 
corresponding ratio for the sixtieth contraction is 5 : 13; and for 
the one hundred and twentieth, 2 : 2. 

A second tracing, Fig. 15, is inserted to further illustrate differ- 
ences in the form of contraction curves as the muscle becomes 
progressively fatigued. Changes in the contraction phases are par- 
ticularly noticeable here. 

Pertaining to Straub's suggestion that the muscle cur\-es with 
sharp apices may be due to a fatigued condition of the muscle, it 
should be said here, that, while preparations showing very slow 
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relaxation when fresh, often come to relax much more quickly after 
having made a number of contractions, and thus give the sharp 
curves, yet the opposite is as often true also. These facts, together 
with Fig. 14, which is representative of many tracings taken from 
perfectly fresh preparations, offer convincing evidence, it would seem, 
that a fatigued condition alone cannot be regarded as indispensable 
to an explanation of the dimorphic character of single contraction 
curves. 

In connection with the study of fatigue in the annelid muscle, it 
has been possible to add another instance of temporary " recovery " 
of the preparation on reversal of the 
constant current used as a stimulus, 
a phenomenon described several 
times before this.^ The facts noticed 
have been as follows : in the case of 
a muscle which has become fatigued 
as a result of repeated contractions, 
provoked by constant current stimuli 
of short duration, an apparent resus- 
citation is effected, without any 
pause, by a mere reversing of the 
direction in which the current passes 
through the preparation. Engel- 
mann's (*70) explanation of the mat- 
ter was, that different parts of the 
muscle contracted, some with the 
current passing in one direction, 
and other parts on reversal of the current. This theory has not 
been upheld, however. If it were true, it would seem that it could 
be proven by the use of a preparation like that of an annelid 
muscle, which, more than almost any other, is closely connected 
with a segmented condition of the other systems of the animal, and 
which consequently has been accustomed to contract in some parts 
of its length while remaining quiescent in others. In order to make 
way for this difference in contracting areas to become evident, the 
muscle was clamped in the middle, and the ends attached to sepa- 
rate recording levers. The result of the treatment of a muscle so 
arranged with constant current stimuli, however, merely tended to 
make the theory of Engelmann more improbable, for each end re- 
' See Enoelmann ('7°), Morgen ('90) and Stewart ("ooJ. 




FicuRE 15, — The effect of fatigue on 
the form of the muscle curve. Con- 
is 2, H, 29, -(5. 61, 77. W, and 
are given in this figuie. Time 
ve, 1 second intervals. 
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sponded equally well to a current in either direction, and showed 
the same phenomenon of apparent recovery. Stewart ('00) has 
shown the same facts to hold in the bladder muscle of the cat. 

Fig. 16 (a) shows the record of one end of a muscle held In a 
clamp as described, and stimulated several times with an ascending, 
then with a descending current, again with an ascending, and so 
on. "Recovery" is of very short duration, and the record leads 
one to question the applicability ^^ ■ 1 1 | 

that term to the reaction so demon- 
strated. Tracing (^) of the same 
figure shows an entirely parallel 
record taken from a whole piece, "'"" '"''<'<< 
clamped at the extremity as in an 
ordinary experiment in contraction. 

Both of the tracings to which reference has 
just been made show a rapidity in the progress 
o£ " fatigue " which is characteristic of all ex- 
periments in which contraction is produced by 
stimulation with brief constant currents. It 
would not seem that the terms fatigue and re- 
covery can be strictly applicable, for the reason 
that a muscle responding with a good degree 
of vigor to one hundred or more induction 
stimuli, will, in response to stimulations with 
brief constant currents give not more than 
six strong contractions. Were Engelmann's 
theory true, this wide difTcrence would still be 
unexplained. That the condition in which the 
muscle is left after six contractions is identi- 
cal with its condition after one hundred contractions is certainly not 
what would be expected. Again, true recovery from true fatigue, 
without a resting period, is extremely exceptional, if indeed it ever 
occurs. 

That a change in the direction of the current does act as a stimulus 
to more vigorous contraction is entirely apparent ; and in seeking 
an explanation for any physiological phenomenon, the action of a 
gross tissue under consideration is found ultimately by ascertaining 
the activities of its component parts, or cells. The effect of these 
brief currents on the individual cell cannot be postulated, save from 
a process of inference ; it does not act independently, but in colla- 
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JURE 16. — (.() Tracing 
showing recovery on re- 
versal of the current. The 
record shows five series 
taken alternately with aa- 
c en cling and descending 
cuirents.commencingwith 
the former, the prepara- 
tion being clamped at the 
middle, (i) Same as (<i), 
except that the muscle was 
suspended by one end. 
Time intervals in both, 4 
seconds. Une half the 
origin.! .iM. 
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boration with those confining it on all sides. These restrictions, 
however, cannot be supposed to prevent the protoplasm of each cell 
from undergoing a process, which may be analogous, at least, to 
polarization, during the passage of a constant current If we assume 
that this be so, the effect of a sudden reversal of the current would be 
considerable, and, ti^ may fairly imagine, would act as a decided 
stimulus; contraction being the only form of activity of these cells, 
this change in electrical conditions manifests itself in that way. 
As soon as the repolarization of the cell is accomplished, however, 
repetitions of brief currents in the same direction would he less 
excitatory, and the contractions provoked be less strong. Such is 
found to be the case, as is most evident in Fig. 16 (a). It is 
noticed there that after a single high contraction, the curves become 
of very moderate extent, and do not diminish rapidly thereafter. 
Assuming that polarization of the cells does come in as a factor in 
these phenomena, these weaker contractions are accounted for as 
being merely the responses to make and break of the current. 

That the above paragraphs at all accurately describe what takes 
place in a muscle showing these phenomena of fatigue and resusci- 
tation, is perhaps improbable; but in lieu of no explanation at all, 
they may be suggestive. 

The length of lime during which annelid muscle remains irritable, 
after its excision from the worm, compares favorably with that noted 
for other smooth muscle preparations.' While for reasons of fatigue, 
or other causes, it becomes unfit for use after a half hour of experi- 
mentation, when kept at a temperature in the neighborhood of six 
degrees, a piece with nerve cord cut out, ready for use, will respond 
to rapidly interrupted induction shocks after a period of four days. 
Straub ('00) notes perfect vitality in nerveless preparations after 
eight days. There has been apparent in the course of these experi- 
ments an interesting connection between the presence of the nerve- 
cord and the duration of life; but at the present time data have not 
been collected sufficiently to warrant further attention to the point. 

SuuHARY OP Conclusions. 

Spontaneous movements are present in all preparations of Lum- 
. bricus muscle containing the ventral nerve-cord, or remnants of it, 

' See references previously given on work of Sertoli, Bottazzi, Stewart, 
and DE ZiLWA. 
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but are not seen in those where it has been thoroughly cut out. 
These movements may appear as simple or compound rhythms. 

Make and break induction currents produce contractions, which 
vary in character according to strength of stimulus. Response does 
not appear to be in direct proportion to strength of stimulus. No 
refractory period is present. 

Repeated stimuli result in summated contractions, which, within 
limits, have amplitudes in proportion to the number of stimuli. 
Tetanus is obtained on repetition of stimuli at the rate of about four 
per second. 

The muscle contracts at both make and break of the constant 
current. The response to the break of the current is greater, the 
longer (he current has been flowing, at least, within limits. To obtain 
responses of make and break separately, at least two seconds must 
elapse between them. 

A weak constant current produces relaxation in a muscle already 
in a state of tonic contraction, and hastens relaxation after an in- 
duction shock. Strong constant currents produce a state of con- 
traction resembling tetanus. No antagonism between make and 
break effects of the constant current is apparent. 

With increasing temperature, Lumbricus muscle shows little 
constancy in changes of tone below 15° C, and the first uniform 
result is a gradual loss in tone beginning at 20° C. Rapid loss of 
tone occurs between 30° and 40° : an improvement from 42° to 
about 55°, when rapid relaxation sets in; this changes to final heat 
rigor at about 65° C. 

In the case of pieces of muscle containing the nerve cord, auto- 
matic movements appear, during rising temperature, between 28° 
and 38 " C. Loss of irritability to artificial stimulation takes place 
at about 34° C, responses having been obtainable during the pre- 
vious 30°. Maximum contractions to induction currents are given 
at about 18° C. 

Lumbricus muscle fatigues rapidly, when the contraction and 
relaxation periods are short and the stimuli frequent. Rapid action 
is more characteristic of muscle from the posterior region of the 
animal, than of that from the anterior. 

The extent of any one contraction has a very definite dependence 
on the extent of the preceding contraction, and also on the length 
of the preceding relaxation period. 

A muscle which has been fatigued by constant currents of short 
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duration, shows marked " recovery " upon reversal of the direction 
in which the current is applied; and this "recovery" is confined 
to no 'particular part of the preparation, i. e., to neither anodic nor 
kathodic regions. 

Recovery of the muscle under ordinary conditions is quite com- 
plete, hut of short persistence. 

While an unused preparation, kept at low temperatures, may 
remain irritahle for upwards of four days, constant experimentation 
for firteeii minutes unfits the muscle for further use. 
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I. Statement of Problems. 

IN Part I. (Yerkes, :02) of this experimental study of the func- 
tions of the sense organs and nervous system of Gonionema the 
motor reactions of the organism to chemical, mechanical, and photic 
stimuli were considered without special attention to the part played 
by the central nervous system in such reactions. The present paper 
is primarily concerned with the relation of these motor reactions to 

* Since the name^of the genus is derived from yaivla (angle) and vjjim (thread, 
i.e., tentacle), the proper spelling is Gonionema, not GonJonemus, which, in accord- 
ance with the prevailing custom, was used in Part I. of this paper. 
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the functioning of the central nervous system, and with the bearing 
of certain experiments upon problems of the functional importance 
of this system. 

The chief problems of the paper may be formulated thus: 

1. Do the special reactions of the tentacles, manubrium, and bell 
depend upon the activity of the central nervous system? 

2. What is meant by irritability and spontaneity, and in what 
relation dp they stand to the central nervous system? 

3. Does coordination depend upon the functional activity of the 
central nervous system ? 

4. Is there any evidence of the existence of special nerve centres 
of spontaneity and coordination? 

5. Finally, what are the functions of the central nervous system? 



II. Anatomical Conditions. 

Since the histological conditions of the nervous system of Gonio- 
nema have never been investigated, we are forced to make use of 
what is known about the structure of the nervous system in other 
Hydromedusac which closely resemble Gonionema. In the following 
discussion we shall have cause to refer to gross anatomical conditions 
only, so the lack of definite and detailed knowledge concerning the 
nervous system of Gonionema will not seriously affect the interpre- 
tation of the experiments under consideration; moreover, there is 
every reason to suppose that the following description of the nervous 
system of Hydromedusae holds good for Gonionema. 

According to the studies of the brothers Hertwig (O. und R. Hert- 
wig, '?8) HydromedusK possess a double nerve ring in the margin 
of the swimming bell, and a plexus of nerve fibres and cells in the 
subumbrellar tissue of the bell. The dorsal portion of the nerve 
ring, lying on the exumbrellar side of the mesoglcea, is known as the 
upper nerve ring, and the ventral portion, lying on the subumbrellar 
side of that layer of tissue, as the lower nerve ring. These rings, 
though united by fibres which traverse the mesoglcea, dilTer in consti- 
tution, the lower containing larger fibres and more cells than the 
upper. This double nerve ring constitutes the so-called central 
nervous system of the Hydromedusx. The fibres and cells found in 
the subumbrella constitute the peripheral nervous system. 
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III. The Reactions of Certain Organs and Parts of 

GONIONEMA CONSIDERED IN THEIR RELATIONSHIP 

TO THE Central Nervous System. 

A. The reactioiiB of the tentaolm. — The tentacles of normal Gonio- ' 
nemata react to nearly all stimuli by a contraction which simply 
shortens the organs, but to some foods and to motile touch stimuli 
they frequently react by twisting into the form of a corkscrew in con- 
tracting. Nagel has described this as the "corkscrew reaction." It 
may now be asked, Are these reactions of the tentacles dependent 
upon the central nervous system? * 

This question finds its answer in the results of experiments upon 
isolated tentacles. Tentacles were cut from the bell about a milli- 
metre from their attachment and placed in Stender dishes containing 
sea-water. For a few minutes after excision they usually remained 
in a contracted condition; then expanded and became very active 
and sensitive to stimuli. Gelatine or meat applied to them called 
forth the " corkscrew reaction." To other stimuli they responded 
with the usual straight contraction. It is therefore evident that the 
tentacle contains within itself the mechanism necessary for these 
reactions, and is not dependent upon the functional activity of the 
entire organism, nor upon the central nervous system for its ability 
to execute them. 

Berger ( :oo, p. 13) states that the excised tentacles of the 
Charybdje exhibit both "squirming" and straight simple contrac- 
tions. Parker ('96, p. 112) finds that the tentacles of Metridium, 
after being cut off continue to make movements appropriate for 
carrying food to the mouth. The tentacles of Carmarina hastata, 
according to Nagel ('94, p. 525), exhibit both twisting and straight 
contractions. He, however, states that the general contraction and 
the twisting reaction are not given by excised tentacles.^ 

The one point of agreement in the results of my study of the 
excised tentacles of Gonionema with those of Nagel for Carmiirina is 

' " ^eziiglich der Reubarkeit der Tentakel habe ich noch la bemerken, 
dass abgeschnittene Tentakeln oder Theile von solchen wohl noch die lokale Con- 
traction (in freilich undeuMicher Weise), nie aber das rasche Zusammenzucken 
und die spiralige Kriimmung zeigen. Zu dem Zuslandekommen der letzteren 
bedarf es offenbar eines durch eine sensible Erregung ausgeldsten riicklaufigen 
Impulses, dessen funktionelles Centrum im Nerveringe zu suchen ist" (Nagel, 
'94, p. 525)- 
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that the excised tentacle does not respond to motile touch with the 
corkscrew reaction, whereas the normal tentacle frequently does. But 
I do not feel justified by these experiments in drawing the conclusion 
that this reaction is dependent upon the central nervous system; 
for the stimulus is difficult of application to the isolated tentacle, 
and it is not improbable that the failure of the organ to react was 
due to the weakness of the stimulus. 
*■ B. Th« reactloiui of tha mannbtliini. — The manubrium of normal 
animals reacts to food by bending toward it, moving the lips, and 
"making what appear to be attempts to reach the substance. In case 
of a strong stimulation of any part of the bel! the manubrium points 
toward the irritated region. Local stimulation of the organ usually 
causes it to bend toward the side irritated, unless a contraction of the 
bell occurs. Are these activities controlled by the central nervous 
system ? 

If the manubrium be cut away from its attachment to the umbrella, 
and the isolated organ pinned at its base to the wax-covered bottom 
of a dish, it will after a few minutes respond to stimuli in apparently 
the same way as when in connection with the functioning nervous 
system. There is some evidence that the excised organ responds 
more slowly than the normal, but my data do not suffice for a definite 
statement concerning this point 

So far as I have been able to determine, all the reactions of the 
manubrium — contraction and expansion of the mouth, lip move- 
ments, and the various phases of the food-taking reaction — can be 
executed by the organ when it is separated from the central nervous 
/ system. 

My experiments on Gonionema have led me to conclusions similar 
to those of Romanes ('8$. P- 34). He states that the excision of the 
margin of the bell does not affect, in the smallest degree, the activities 
of the manubrium, in either the naked- or covered-eyed medusae, and 
that even after complete severance of the organ from the body it 
continues its actions. Nagel ('94, p. 520) obtained practically the 
same results with Carmarina hastata. 

Whereas Romanes emphasizes the fact that the reactions of the 
mutilated animal are the same as those of the normal animal, I can 
only say that they are similar, for there is abundant evidence of 
important differences in reaction-times, and in the sensitiveness of 
normal and mutilated animals. All that we are justified in conclud- 
ing from these experiments, therefore, is that the central nervous 
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system is not essential for the execution of the actions of Gonionema. 
We cannot say that the actions are executed as rapidly and as 
accurately when the nervous system is not concerned; we cannot 
say they are the same, we can say they are similar^ 

C. Tie r«aotionB of tile b«ll, — The most important reactions of the 
bell are the general contraction, which causes locomotion, and local 
contractions in response to strong stimuli. In response to stimuli 
of considerable intensity the normal animal ordinarily gives a 
rhythmic series of bell contractions, but the bell from which the 
sense organs and nerve ring have been cut away reacts to the same 
kind of stimulus by a single contraction, or in rare cases by two or 
three contractions ; it never contracts rhythmically. Such a margin- 
less bell is able to execute local contractions much as does the 
normal Gonionema. 

In the rhythmic action we have found, it would seem, a reaction to 
stimuli which is dependent upon the central nervous system, or at 
least upon the structures contained In the margin and tentacles. It 
is of course conceivable that the reaction should depend upon the 
sense organs of the margin and tentacles rather than upon the nerve 
ring, but I have been unable thus far to make any experiments to 
settle the matter. In the following sections an attempt will be made 
to show the probable relation of rhythmic action to the nervous 
system. 

IV. Irritability and Spontaneity in Relation to 
THE Central Nervous System. 

A. Irritability. — By the irritability, or sensitiveness, of a tissue we 
mean its susceptibility to the influence of changes occurring about it 
which we know as stimuli. 

Now, the various parts of Gonionema differ widely in irritability. 
The tentacles, for example, are extremely sensitive; the exumbrellar 
surface and the jelly of the bell are insensitive. It is significant that 
in those tissues which give no evidence of sensitiveness neither nerve 

1 As a continuation of this study of the physiology of the nervous system of 
Gonionema, I propose to make quantitative determinations of the sensitiveness of 
normal and mutilated animals, and of the reaction-times of organs when in connec- 
tion with the central nervous system and when separated from it. For, everything 
now indicates that it is from this kind of physiological work we may hope for 
important facts concerning the functions of the nervous system of simple 
organisms. 
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elements nor muscle cells have been discovered. Comparative 
physiology, however, does not permit us to conclude from this that 
irritability is a property peculiar to nervous and muscular tissues, 
but only that it is the chief or special characteristic of the former 
and an important, though secondary, characteristic of the latter, 
while it may be possessed in a less degree by other tissues. We 
may therefore suppose that in case of the exumbrella of Gonionema 
either the sensitiveness is so slight that no motor reaction can be 
produced by stimuli, or, the tissues being non-contractiie, there can 
be no visible expression of irritability. As a matter of fact the 
exumbrella does not transmit impulses, neither is it contractile: 
under these conditions no ordinary tests would disclose irritability. 

Furthermore, different groups of cells, or perhaps individual cells 
of the same tissue and cell group, possess at any instant different 
degrees of sensitiveness, and this presumably because of slight differ- 
ences in their approach to a state of perfect equilibration. Certain 
cells, for example, because of more abundant nutriment, may be 
much more easily disturbed than are others which possess less perfect 
nutrition. 

The general sensitiveness of Gonionema varies with the state of the 
animal and with external conditions. Hungry animals are much 
more sensitive to foods and react more quickly than do well-fed 
individuals. The continued action of strong stimuli, such as acids, 
certain salts, electricity, and heat or cold soon decreases sensitiveness. 
Experiments proved that acidulation of the water in which Gonio- 
nemata were swimming caused a gradual loss of sensitiveness to 
chemicals, but even after an animal had become entirely insensitive 
to chemicals it would sometimes react to strong mechanical stimuli. 

In order to ascertain the effect of solutions of KCI upon the sensi- 
tiveness and the rate of the rhythmic contractions of intact Gonio- 
nemata and upon fractions of the animal, a series of experiments was 
made. A solution of KCI (J) acts as a stimulus for Gonionema and 
causes contractions of the bell. The experiments were planned to 
determine (i) whether the rate of the rhythm of the bell decreases 
or increases during the first four minutes of the action of the KCI 
solution ; (2) whether the rate is the same for pieces of the animal 
as for the whole, and (3) whether the rate changes more rapidly for 
pieces than for the whole. 

Four animals were taken, Nos. i and 2 (see table) being about 
8 mm. in diameter, Nos. 3 and 4 about 14 mm. These animals were 
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placed, one at a time, in a ^ KCl solution in sea-water, and the con- 
tractions of the bell counted in case of each animal, for the first, 
second, third, and fourth minutes after immersion. At the end of 
the four minutes the animals were returned to pure sea-water and 
left for half an hour that they might recover from the effects of their 
prolonged activity. The individuals were then, in turn, divided into 
halves by a vertical cut through the middle of the bell; one of the 
halves was left in the sea-water, the other was placed in the f KCl 
solution, and its rate of contraction determined, as had been done for 
the whole animal. This having been accomplished, the half remain- 
ing in the water was again halved and the rate of the rhythm for a 
quarter of the animal determined as before. And, finally, the remain- 
ing quarter was halved in order that the same observations might be 
made with an eighth of the bell. Each of the pieces used contained 
at least one radial canal ; the halves contained two. 

The results as given in the table show: (i) that the whole animal 
has a more rapid rhythm than any fraction of it ; (2) that the smaller 
the piece the slower is the rhythm; (3) that the rate of contraction 
for the whole animal and for the pieces gradually decreases during 
the time of observation; (4) that this decrease is more rapid for a 
part than for the whole, and more rapid for the smaller part than for 
the larger. 

Mutilation of Gonionema causes no obvious decrease in sensitive- 
ness, but the results just presented seem to show that fractions of an 
animal are not able to react as rapidly as can the whole. At times 
excised tentacles appear to be rendered more sensitive by being cut 
off; this irritability, however, is soon lost. 

From the above considerations it is clearly impossible to regard 
irritability as a function of the central nervous system. 

B. BpontADeity. — Normal Gonionemata make rhythmic move- 
ments of the bell when there is no evident stimulus present It is to 
such actions that the term spontaneous is applied. All reactions are 
the result of changes which operate as stimuli, but in certain cases 
these changes are exclusively internal and cannot be detected by the 
experimenter, or they may be external changes of such a nature as 
to be unobservable by ordinary methods. Whenever we can dis- 
cover no environmental cause for a reaction, we say it is spontaneous. 
Unmutilated Gonionemata exhibit spontaneity: What of individuals 
which lack the central nervous system? Experiments have shown 
that removal of the entire margin of the bell completely destroys 
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Table showing Number of Contractions per Minute of whole Bells ahii 
OF Fractions of Bell^ when placed in jKCI Solution. 



Animal. 


Minute. 


Whole 


Half. 


Quarter. 


Eighlh. 


Number 1 . . . 


lat 
2d 

3d 
4th 


87 
74 
69 

58 


67 
SS 
48 
60 


9S 
39 
54 

40 


65 
65 
47 
38 


Number 2 . . . 


Isi 
2d 
3d 
4th 


96 
7S 
75 
70 


102 
81 
63 

48 


79 
SO 

49 




5 
11 
3 


Numbers . . . 


lat 
2d 

3d 
4th 


91 
72 
BO 
66 


67 
59 

SO 


78 
62 
45 
43 


95 

84 
77 

58 


Number 4 . . . 


1st 
2d 
3d 
4th 


77 
70 

70 
SS 


44 
47 
41 
38 


50 
47 
41 

47 


39 

42 
27 
18 


Averages for the 
four inimals . . 


1st 
2d 
3d 
4th 


88- 
73- 

73+ 
62+ 


78- 
63+ 
S3 
49 


75+ 
62 
49+ 
45- 


50- 

49 

40- 

29f 


General averages 




74 


m\ 


58- 


42 



Spontaneous movements. The margin itself after the operation con- 
tinues to move rhythmically at intervals for hours; it shows both 
spontaneity and sensitiveness to stimuli, but the marginless bell 
u.sually contracts only in response to some strong stimulus, and then 
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only irregularly and a few times, never rhythmically. It thus appears 
that the spontaneous activity of Gonionema is dependent either upon 
the nerve ring or upon the sense organs of the margin of the bell. 

Romanes ('85, p. 27) is authority for the statement with respect 
to naked-eyed medusae that, "Excision of the extreme margin of a 
nectocalyx causes immediate, total, and permanent paralysis of the 
entire organ." He adds (p. 28) : " From this experiment, therefore, 
1 conclude that in the margin of all the species of the naked-eyed 
Medusce which I have as yet had the opportunity of examining, 
there is situated an intensely localized system of centres of spon- 
taneity, having at least for one of its functions the origination of 
impulses, to which the contractions of the nectocalyx, under ordinary 
circumstances, are exclusively due." 

These statements of Romanes are not true for Gonionema In it 
paralysis is neither total nor permanent. A few times I have seen 
marginless bells contract when no stimulus could be detected, and 
repeatedly in these experiments mechanical or chemical stimulation 
of such bells has resulted in one or even a series of as many as five 
contractions. 

These facts indicate that the margin (including the tentacles) is the 
most sensitive portion of the animal. Its removal simply renders 
the organism unresponsive to intensities of stimuli which uniformly 
call forth reactions of the normal animal. The marginless bell is 
sensitive to, and capable of responding to, strong stimuli; it is not 
sensitive to those unobservable stimuli to which spontaneous action 
is due; hence, no margin, no spontaneity of action. From this 
standpoint the so-called " centres of spontaneity " are only regions of 
greater irritability than other portions of the body. Spontaneity is a 
function of irritability. If the bell were as sensitive as the margin, 
that is if it contained cells capable of responding to such slight 
changes as do those of the margin, it would, after separation from 
the central nervous system, react in approximately normal fashion, 
as do the excised tentacles or manubrium. 

Since nerve cells are the most sensitive cells of the organism, 
spontaneity is undoubtedly a function of the nervous system. But 
until it is proved that the sensory cells of the tentacles or margin, 
which are in direct connection with the nerve ring but are not a part 
of the central nervous system, do not mediate the spontaneous move- 
ments of Gonionema, spontaneity cannot be called a function of the 
ceatrat nervous system. 
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Loeb ( :oo, p. 383) has discovered that the marginless bell will beat 
rhythmically in pure \n NaCl or NaBr solutions. "Irritability," 
he writes, " depends upon the various ions (Na, Ca, K, Mg) exist- 
ing in definite proportions in the tissues." This tells us that the 
possibility of stimulating a tissue depends upon its chemical constitu- 
tion, as well as upon the nature of the stimulus. Thus a further step 
is taken toward the explanation of activity in physical (chemical) 
terms. It is obvious, then, that irritability depends upon chemical 
transformations, whilst spontaneity is dependent upon irritability. 
Simply because nerve cells are extremely susceptible to chemical or 
electro-chemical changes occurring about them they are all important 
in the mediation of spontaneous actions, 

C. CentrM of •pontanaity. — There is one phenomenon in my 
experiments which may be taken as evidence of the presence of 
centres of spontaneity in the margin of the bell. When the margin 
is excised and its continuity interrupted by a cut at one point, it has 
a tendency to assume a spiral form, and examination of such cases 
usually shows that the spiral consists of three or four more or less 
perfect volutions, all of which beat in the same rhythm when the 
margin is in pure sea-water. If acid is added to the sea-water in 
sufficient quantity to destroy the regularity of the beats, it is note- 
worthy that the volutions begin to beat in independent rhythms. 
From this we might argue that there are as many centres of spon- 
taneity in the margin as there are volutions with independent 
rhythms in the excised margin. Conditions point to four as the 
number of such centres. 

In explanation of the spiral form of the margin it may be said that 
the radial>canal regions are the most highly contractile portions of 
the bell, as is proved by the (act that when the contractions of the 
bell for any reason become irregular the form assumed by the con- 
tracted organism is always such as would result from stronger 
contraction at the radial canals than elsewhere, hence, when the 
margin is excised its contraction results in the formation of as many 
ring-like portions as there are regions of especially high contractility- 
Difference in contractility accounts for the rings; how are the indi- 
vidual rhythms assumed by these rings to be explained? The only 
suggestion I can make is that the rhythms are referable to centres 
of special sensitiveness. Each of the four radial-canal re^ons 
may be supposed to contain such a region, whose function would 
be that of a centre of spontaneity. It might also be said that the 
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inequality of contraction is in itself sufficient to break up the coor- 
dination of movement and establish as many rhythms as there are 
regions of strong contraction, I do not wish to lay much stress on 
this explanation, however, nor on the phenomenon of ring formation 
as evidence in favor of centres of spontaneity. 

So far the reactions of Gonionema appear to depend entirely upon 
the irritability and contractility of muscular or neuro-muscular tissue. 
In one region a yinnr ^^' solution suffices to call out a contraction ; 
in another a ^-^ causes no motor reaction, simply because the cells 
either are not sensitive to it or are non-contractile. All the facts 
indicate, therefore, that the margin of Gonionema contains cells 
which, because of extreme sensitiveness, control the spontaneous 
activities of the bell. 

V. Coordination and the Transmission of Impulses. 

A. HoTdial ooSrOluatsd moTemsnts. — Gonionema ordinarily moves 
by reason of perfectly coordinated, rhythmic contractions of the bell. 
There is no visible irregularity in the movements, no sign of a con- 
traction wave sweeping around the 'bell ; it appears as if alt portions 
of the organ entered the contraction phase of reaction at the same 
instant. 

For the purpose of discovering, if possible, on what structures and 
what conditions coordination depends, experiments were made in 
which animals were cut in various ways or exposed to the influence 
of certain chemicals. We may consider first the eflects of operations 
on the bell. 

B. Th« aSeots of operaUona. Experiment I. — The margin was cut 
at four equi'distant points, midway between each pair of radial canals. 
The quadrants continued to beat in perfect coordination, just as 
before the operation. 

Experiment 2. — The incisions, instead of severing the margin only, 
were carried into the bell halfway to the manubrium, thus dividing 
the animal into four parts, which were connected at the apex of the 
bell. As a result no change in coordination could be detected, but 
there was little progressive movement. The animals seemed even 
more sensitive than before the operation, but fewer contractions were 
given in series than usual, ordinarily not more than five. Stimulation 
of any part of the margin of one of the quadrants caused a general 
contraction in which all the quadrants participated, to all appearances 
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simultaneously. Since in this case the impulse must be carried from 
one quadrant to another through the substance of the bell, it is clear 
that transmission must be quite rapid in the bell. Touching the 
margin, tentacles, or subumbrella caused immediate reaction; touch- 
ing the manubrium and exumbrella rarely, and in case of the latter 
only after several seconds' delay. This operation sometimes destroys 
coordination for a few seconds. 

Experiment 3. — The same incisions were extended to the base of 
the manubrium, so that the quadrants remained in connection by a 
region at the apex of the bell which was not over four millimetres 
in diameter. The quadrants now bent in toward the mouth inde- 
pendently. In response to stimulation at any point they contracted, 
to all appearances simultaneously. Rarely there seemed to be slight 
irregularities, one part responding before the others. The animals 
fed imperfectly. Evidently the stimulation of one quadrant still pro- 
duces an approximately simultaneous reaction of all because of rapid 
transmission. Since the tissue which connects the quadrants consists 
of three parts, — the outer, or exumbrellar layer, the inner, or sub- 
umbrellar layer, and the jelly substance of the bell between them, — 
we may now inquire which, if ncft all, of these layers transmits the 
nervous or muscular impulse. The following experiments furnish 
an answer to the question. 

Experiments^. — In an animal operated upon as in Experiment 3 
the radial canal of one quadrant was severed and a small section of 
it removed so that no impulses could pass along that region. This 
was done because it seemed not unlikely that the radial-canal region 
was the chiefly important transmitting portion of the bell. After 
the operation coordination persisted, although at times the quadrant 
with mutilated canal region reacted somewhat slowly. It may well 
be, however, that this was due to a lessening of the contractile power 
of the quadrant, rather than to interference with transmission. The 
quadrants almost always contracted unequally. The reactions were 
slightly slower than in case of the other experiments, and there was 
considerable evidence that the radial-canal region transmitted im- 
pulses more quickly, perhaps because more directly, than other 
portions of the bell. 

Experiment 5. — Incisions were made so that a segment of the bell 
between two radial canals was left attached to the remainder of the 
organism by a narrow strip of tissue at the apex of the bell. Stim- 
ulation of the larger portion of the organism caused it to react at 
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once, and after a delay of one half to one second the smaller segment 
contracted. Likewise stimulation of the smaller segment caused it 
to react immediately, whereas the larger segment contracted a frac- 
tion of a second later. This proves conclusively that the radial' 
canal region transmits impulses more rapidly than the remainder of 
the bell substance. 

Since in this experiment coordination was destroyed, it is clear 
that coordinated movements depend upon the continuity and trans- 
mitting power of the tissues, in all probability of the muscular tissue 
as well as the nervous, and not upon the functioning of any special 
nerve centres. 

Experiment 6. — After a segment had been cut as described in the 
preceding experiment, the subumbrellar layer of the strip of tissue 
which formed the connecting link between the small and the large 
segments was cut, so that the exumbrellar layer and the jelly sub- 
stance alone connected the segments. Now the large portion, when 
stimulated, reacted, but the small one did not. Stimulation of the 
small segment caused it alone to contract. This experiment was 
supplemented by observation of reactions when the exumbrellar 
tissue and when both the exumbrellar layer and jelly were severed 
instead of the subumbrellar layer. In such experiments the two seg- 
ments reacted to the same stimulus. This proves that of the three 
layers of the bell the subumbrellar alone transmits impulses. 

Experiment J. — From the smaller segment of an animal operated 
on as in Experiment 4 the margin was cut away, and the animal then 
placed in^KCl solution. The main part of the bell beat rhythmi- 
cally in response to the chemical stimulus, but the small segment 
deprived of its margin contracted only a few times, and then very 
irregularly. 

From the results of the foregoing operations we may conclude : 
(i) That coordination is dependent upon the ability of the tissues to 
transmit impulses rapidly, not upon the continuity of the nerve ring ; 
(2) that transmission in the bell is most rapid in the radial-canal 
regions; (3) that of the three layers of tissue composing the bell 
the subumbrellar layer alone transmits impulses; (4) that spon- 
taneity is not interfered with by operations upon the margin and 
bell, but (5) that removal of the margin destroys spontaneous action 
because (6), as Experiment 7 indicates, the margin contains cells 
which are sensitive to stimuli that do not act on the remainder of 
the bell substance. 
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In his chapter on coordination Romanes ('85, p. 130) remarks that 
since in covered-eyed medusse the stimulus wave docs not move 
faster than the contraction wave, it is impossible to hold that the 
ganglionic centres control one another independently of the con- 
traction wave. Romanes found that in the medusae mentioned one 
or more of the lithocysts are either temporarily or permanently pre- 
potent over.the others ((. e~, they are more sensitive), and that from 
these pre-potent regions start contraction waves, which pass rapidly 
to other regions ; thus a general contraction of the bell is brought 
about by the sweep of a contraction wave from a pre-potent region 
to all other parts of the bell. 

My study of the reactions of Gonionema furnishes evidence that 
Romanes' statements are true of this form also. There are many 
reasons for believing that the contraction of the Gonionema bell, 
even in what appears to us as perfectly coordinated movement, is 
really due to a contraction wave which is initiated at one, or pos- 
sibly a few, very sensitive points, and passes so rapidly to adjacent 
regions that the eye can detect only the general contraction, except 
when fatigue or the action of some chemical lowers the rate of the 
wave's movement. In this connection the effects of chemical stimuli 
on coordination and the rate of movement of the contractile or 
nervous impulse arc of interest. 

C. Th« efleota of oli^inioaU. — Gonionemata put into y^^ solutions 
of acetic, hydrochloric, sulphuric, or nitric acid in sea-water, at first 
show a marked increase in the rhythm of the bell. But after a few 
seconds the beats become irregular, now slow, now fast, and finally 
pass into what is comparable with muscular librillation. In this 
condition the whole bell trembles, and there is no general contrac- 
tion. It looks as if a multitude of regions in the margin were con- 
tracting independently of one another. At times, instead of this 
tremor, contraction waves appear. Unless the animal is removed to 
pure sea-water within a few moments after coordination is lost, it 
becomes completely and permanently paralyzed. But if, after the 
acid has acted for from ten to twenty seconds, it be transferred to 
sea-water, irregular, uncoordinated contractions continue for a time, 
then give place to coordinated action. In these irregular contrac- 
tions first one region then another is seen to contract. Occasionally 
a contraction started at one point may be seen to pass around the 
margin as a contraction wave. This makes it not improbable that 
in the normal animal there is a contraction wave which is too rapid 
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to be perceived as such. The acid interferes with either the rate of 
the contraction or the nerve impulse wave and thus makes it visible. 

KOH, so far as my observations go, never destroys coordination 
as do acids. KCI, on the other hand, does. Severe shocks, jars, 
and exposure to air frequently cause, for a time, irregular beats. 

D. A tbeoiy of oobrdlnatlon. — The sensory regions of a normal 
Gonionema differ in sensitiveness among themselves at any instant, 
and from moment to moment. The changes, neural and muscular, 
or muscular alone, which result in reactions of the organism may be 
due (i) to a local stimulus which initiates a contraction wave at some 
point, or (2) to a general stimulus which acts upon one or more of 
the most sensitive regions (the pre-potent regions). When an animal 
is partially paralyzed, — as, for example, by certain chemicals, — trans- 
mission is comparatively slow and the progress of the contraction 
wave can be directly observed. (See Romanes, '85, p. 93, et seq.) 

The coordinated actions here considered are such as involve the 
apparently simultaneous activity of a number of parts, which under 
certain circumstances act successively or in an irregular manner. In 
connection with the actions of the bell of Gonionema coordination 
has been used to refer to the simultaneous occurrence of systole or 
diastole in all parts of the bell; whereas, under certain conditions, 
as will be shown later, some regions may be in systole while others 
are in diastole. 

Now, if every beat of the bell involves a contraction wave, it is 
evident that there is, strictly speaking, no such thing as the simul- 
taneous contraction of all the contractile units of the organ, but 
instead a rapid succession of contractions. Assuming that the con- 
traction of the bell results from the successive instead of simultaneous 
action of the units of contraction, how can the loss of coordination 
be explained? 

It may be said that violent stimuli either temporarily increase the 
number of sensitive regions which are sending out nervous or mus- 
cular impulses at any instant, or decrease the contractility of the 
tissues. If the first occurs, instead of having one impulse (which 
has arisen in a pre-potent region) control the contraction by origi- 
nating a wave, we have the phenomena of a number of regions re- 
sponding at about the same instant to the stimulus. This results in 
a series of sharp, violent contractions at various points in the bell, 
which block one another and give the phenomenon of " tremor " 
instead of the usual contraction wave. If, on the other hand, the 
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contractility is decreased, certain regions, such as the radial-canal 
regions, are able to respond quickly, whereas others do not ; hence 
there arises irregularity.' 

The theory of coordination which I have suggested is based on 
Romanes' pre-potency idea and on the experimental evidence of my 
study. It receives support from the work of Loeb, Lingle, and 
Porter, Loeb (:oo',p. 25) writes, "Thus we see that the whole heart 
beats in the rhythm of the part that has the maximum number of 
contractions per minute. From this we must assume that the coor- 
dination of the heart's activity is due to the fact that the part which 
contracts most frequently forces the other, parts to contract in the 
same rhythm." In the frog's heart it has been observed that the 
sinus venosus beats faster than the other parts, and therefore con- 
trols the rhythm. Also, in the ascidian heart the region sending 
out the first contraction controls the direction of the wave of con- 
traction. Porter ('99, pp. 130 and 133) discovered that the synchro- 
nism of the mammalian ventricles is not dependent on nerve cells, but 
is in all probability due to muscular conduction. From what has 
already been said, it will be seen that this is probably true of Goni- 
onema also. 

As a result of the consideration of coordination in Gonionema the 
following are provisional conclusions: (i) Coordination depends on 
specific irritability and the transmission of impulses (it is uncertain 
whether the impulses are nervous or muscular), not on the action of 
special nerve centres; (2) there are no special centres of coordina- 
tion ; (3) all normal bell contractions consist of waves of such rapidity 
as to be invisible as such ; (4) normally the most sensitive region of 
the animal, or a region which is affected by a local stimulus, initiates 
a contraction wave ; (5) when the sensitiveness of the animal is so 
increased that many regions are constantly being brought into con- 
traction at the same instant, or when the power of transmission is 
decreased so that the wave passes slowly, coordination disappears, 
and there results either "tremor" or a visible wave, and (6) strong 

' In a consideration of the phenomenon of tonus and fibrillation in tlie mamma- 
lian heart, Porter ('99, p, 129 foot-note) suggests an explanation of the breaking 
up of contraction waves in the ventricle of the heart which seems applicable in 
case of Gonionema. He argues that strong contraction at certain points (our 
regions of pre-potency) presomably blocks the wave and thus leads to a series of 
partial contractions (" tremor " of Gonionema), instead of the normal synchronous 
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local contractions tend to block one another, thus breaking up the 
general bell contraction into a series of small and partial contractions, 
as in muscular fibrillation. 

VI. Summary. 

1. The reactions of special organs or parts of Gonionema are not 
dependent for their execution upon the functional activity .of the 
central nervous system. 

2. Irritability, or sensitiveness, is a property of all parts of the 
animal except the jelly of the bell and the exumbrellar surface; it 
differs widely in degree for different regions. ■ 

3. Spontaneity is not dependent upon the central nervous system, 
but upon the high degree of irritability of certain parts of the margin 
of the bell. 

4. The marginless bell of Gonionema fails to show spontaneous 
movements, except in rare cases, simply because it is insensitive to 
other than strong stimuli. 

5. The rate of the rhythm of the bell when subjected to a con- 
tinued stimulation by f KCI is higher for the whole bell than for 
any fraction of it. The smaller the part of the bell, up to an eighth, 
the slower the rate. 

6- Coordination is not dependent on the functioning of the nerve 
ring or of any special nerve centres, but upon the rapid transmission 
of an impulse, which is either nervous or muscular, probably the 
latter. 

7. All tissues except the jelly and exumbrella are capable of 
transmitting impulses. 

8- Certain chemical stimuli destroy coordination by increasing the 
irritability or decreasing the transmitting power of tissues. 
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THE EFFECTS OF POTASSIUM AND CALCIUM IONS 
ON STRIATED MUSCLE. 

By W. D. ZOETHOUT. 

(Fyam the Hull PhysiolB^eal Laioralory ef the Unhicrsitf of Chicago, III.) 

INVESTIGATORS working on the effects of potassium and 
calcium ions on the heart have generally found that cal- 
cium produces contraction and potassium relaxation of the heart 
muscle.' To see whether this held true for all muscle tissue. Dr. 
Loeb suggested that I try the effects of Na-, K-, and Ca-ions on 
the striated muscle. 

A series of experiments were made on the gastrocnemius of the 
frog, and to our surprise we found that K-ions cause a prolonged 
contraction of the muscle and that Ca-ions antagonize this action 
of potassium. Since these experiments were made, I discovered 
that Kinger,^ in iS86, had also found that calcium counteracts this 
peculiar effect of potassium. 

The property of potassium to cause an immediate and prolonged 
contraction of striated muscle was also demonstrated byGriJtzner^ 
and by Zenneck.* Griitzner found that a 4 per cent KCl solution, 
applied to the motor nerve, does not cause a contraction, while if 
it be applied to a curarized gastrocnemius, it wit! cause a prolonged 
contraction. This fact I fully corroborated. 

In these experiments the femur of the muscle preparation was 
fastened to a suitable support, and the tendon of Achilles was con- 
nected with a muscle-lever writing on a drum. The muscle was 
then submerged in the solution whose action we wished to test. 

When the gastrocnemius is placed in a bath of ^' KCl, a powerful 
and prolonged contraction results. The latent period is very short, 

• Gkeen: This journal, 1899, ii, p. 82; Howell: This journal, 1898, ii, p. 47; 
Howell : This journal, 1901, v, p. 181. 

• Ringer: Journal of physiology, i88'>, vH, p. 291. 

• GrOtzker : Archiv flir die gesammte Physiologic, 1893, liii, p. 85. 

• Zenneck: Jiiii., 1899, '""vi, p. 21. 
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for the muscle contracts almost immediately on touching the solu- 
tion. The contraction reaches its maximum in two or three seconds, 
and may remain in this contracted condition for from twenty to one 



FiGUKB 1. — At (A) the muscle is placed in a VNaCI solalion. At (B) the NaCl is 
repUced by a 'f KCl solution. 

hundred minutes. As a rule, the curve produced (see Fig. i, 2, 3, 
and 4) is a smooth line, not showing any individual twitches. 

The same results were obtained with the following salts of 
potassium : — 

KCIO,, KNO„ K^i, KI. KBr, KjCrO,, K,Cr,0„ K-ferro^yanide, 
K-oxalate, K-cyanide, and K-tartrate. 

If, instead of'^' KCl solution, we use a less concentrated solution, 
the latent period is increased, the height and duration of the con- 
traction are decreased, and the maximum contraction is not reached 
so speedily. The minimum strength of KCl capable of producing a 
contraction was found to be a 55 solution. The contraction produced 
by a 55 solution is not due to the greatly reduced osmotic pressure, 



FiGUftE Z. — At (A) the musdc is placed ii 
replaced by a 

for the same results were obtained by using a mixture consisting of 
9 c.c. glycerine (isotonic with 0.7 per cent NaCl) -|- i c.c. '^' KCl. 
Potassium solutions of greater concentration than '^ produced more 
powerful contractions. When the ^ KCl was diluted with '^ NaCl, 
we found the same results as before, except that the minimum con- 
centration was raised from a ^ to a ^5 KCl solution. 

If the KCl is diluted with CaClj, the power of the KCl to produce 
contractions is very much reduced. The calcium neutralizes the action 
of the potassium, as the following experiments demonstrate. 

I. In a mixture of % KCl and 5 CaClj, the weakest solution 
capable of calling forth a contraction was found to be 4^ c.c. of 
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^ KCl + l\ C.C. of ^ CaCIj. Compared with its dilution with water, 
the minimum concentration of the KCl solution increased from ^ 
to Yff. This antagonistic action of Ca increases as the Ca molecules 
and ions increase. If, for example, the % KCl solution is diluted 
with a 5 CaClj solution, the minimum concentration of the KCl is 
increased to 7^ KCl. 

2, The following still more clearly proves the neutralizing effect of 
calcium: At (A), in Fig. 1, a muscle was placed in a bath of 5 NaCI. 
After fifteen minutes at {B), this was replaced by a g KCl solution. 
The contraction which followed was the same as that produced by 
a perfectly fresh muscle. 



Figure 3- — At (A) the muscle ii placed in a 7 KCl lolulion. At (B) the KCl is 
replaced by a ^NaCl solution. 

In Fig. 2 the muscle was treated with g CaCl^ for fifteen minutes, 
and then, at (B), subjected to the action of ^ KCl solution- It will 
be noticed that the contraction is very gradual, and that the latent 
period is much longer than in the fresh muscle. 

3. This antagonistic action is also very strikingly brought out as 
follows: At (A"), Fig. 3, the muscle was placed in a 5 KCl solution. 
After fifteen minutes at (B), the KCl was replaced by a ^NaCI 
solution. The relaxation did not set in till about one minute after 
the application of the NaCl, and was then very gradual, so that at the 



I \, 



FiGUEE 4. — At (A) the muscle is placed in a 7 KCl solulion. At (B) the KCl U 
replaced by a j CaClj solution. 

expiration of ten minutes the muscle had not yet regained its orig- 
inal length. In Fig. 4 a muscle was treated in the same manner, 
except that at (B) a '^ CaClj solution was used. In this case the 
relaxation began immediately and was very fast, the muscle regain-- 
ing its original length in ten minutes. 
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4. From the experiments related above, we thought it might be 
possible to cause the muscle to contract and relax a great number 
of times by the alternate application of KCl and NaCl or KGl and 
CaCIj. This was, indeed, found to take place, and it is especially here 
that the antagonistic action of calcium appears. The KCl and CaCtj 



FicuRE 5. — Ttiealieniateappl[caMon of KCl and CaCI, to the gasti 

solutions were placed in two burettes, and so fixed that a little of the 
solutions could be squirted against the muscle placed in a muscle- 
holder. In this manner the curve in Fig. 5 was produced. In all, 
the muscle gave seventy-six contractions in one hour. At the expi- 
ration of that time the contractions became small and slow, although 
the irritability of the muscle towards repeated induction shocks was 
very great (Sec. coil at 12 cm.; one dry cell). 

That this action of the CaCt^ solution is not due to the washing 
away of the KCl was proven by alternately applying KCl and NaCl. 



Figure 6. — The alternate application of KCl and NaCl to the gaaCi 

In this manner the curve of Fig. 6 was produced. The muscle, in 
ten minutes, gave nine contractions, and then no longer responded 
to the KCl. Already at the expiration of five minutes the contrac- 
tion produced by the KCl are extremely feeble. 

Conclusions. 

1. K-ions produce a prolonged contraction of the gastrocnemius 
muscle of the frog. 

2. Ca-ions (and to a lesser extent Na-ions) antagonize this action 
of the K-ions. 
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WITTE'S PEPTONE: ITS DISSOCIATION, AND ITS 
COMBINATION WITH ACID AND ALKALI. 

By TORALD SOLLMANN. 

[From thi Laioratary of Pharmattlagy in thi Medical Dipartment af Wtslern Rtiervt 

Univtrsity, Cla/cland, Oku>^ 

THE combining power of albumose with acids and alkalies, 
particularly with the former, has been the subject of extensive 
experimentation. The albumoses used in these investigations have 
for the most part been such ill-defined chemical substances that the 
results, even when obtained by faultless methods, have not given us 
any clear insight into the constitution of the resulting compounds. 
Valuable data have, however, been brought to light. It seemed 
interesting to determine how far these would apply to more impure 
mixtures. The determination of certain physical and chemical data 
have, moreover, a peculiar practical interest in the case of Witte's 
peptonum siccum, since this substance is so extensively employed in 
experimentation on account of the ease with which it may be obtained 
and its fairly constant composition. It consists of a mixture of 
albumoses, containing from 60 to 70 per cent of" Propepton" (l),' a 
minimal quantity of true peptone, and considerable ash. 

1. Heaotlon to Tulona indloaton. — t gm. of Witte's peptone, in 
5 per cent solution, required the following amounts of decinormal 
solutions to render it indifferent to the indicators named : 



Methyl orange . 


. 13.0 c 


,c. /, H,SO( 


LiCmua . . . 


. 3.0 1 


.c. fff H,SO, 


Phenylphtalein 


. 4.0 c 


:.c. ft NaOH 



Sjoqvist (2) (p. 352) finds that 3.12 gm. of his dialyzed " Peptonum 
siccum ex albumine," Schuchardt, render 100 c.c, j^ HCI neutral to 

■ The numbers refer to the bibliography at the end of the paper. 
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tropxolin oo, so that r gm. of albumose requires l6 c.c, of -j^ acid. 
Fawitzky (3) finds that WJtte's peptone binds ^ of its weight of HCl 
with methyl-violet or phloroglucin-vanillin as indicators. This would 
equal 31.75 c.c. ^^ acid per gm. ! Many investigators neglect to state 
the reaction of their albumose toward indicators. 

It is interesting to compare with these figures those given by 
Benedicenti (4) for other proteids. 

TABLE I. 
Reaction of Froi'eids. 



1 gm. of peptone Witte 

SOLLMANN requires 13.00c.c. Vj HiSOj 4.0c.c. Vi NaOH 33 c.c ft HiSO^ 
1 gm. of gelatine 

Brnedicrnti requires 9.60c.c^HCl 1.8 c.c. y'j, NaOH 1.4c.c.,-flNaOH 

1 \<tn. of egg albumin, natural, moist 

Benkdiccnti requires 1-75 c.c. j", HCl 
1 gm. of egg albumin, dry. Merck 

Beneihcenti requires 13.00 C.C. ft HCl 
1 gm. of callle serum 

Behedicenti requires 1.75 c.o.ft HCl 
1 gm. of tibrin 

Benedicknti requires S.Wc.c. ft HCl 
1 gm. of casein 

BENEDrcENTI requires 7.20c.c, ,j HCl 

It follows that the alkalinity of peptone Witte is just that of dried egg 
albumin. 

Tltroii^out this article, the reaction is ahoays referreti to methyl-orange. 

If a solution. of the albumose is heated, its reaction changes so that 
it requires a further 54 c.c. of ^j^ acid per gm. to render it indifferent 
fo the orange ; on cooling it recovers its original reaction, so that nOw 
5.4 c.c. of ^"^ alkali must be added. This change can be repeated 
indefinitely. The same change occurs in solutions which are acid or 
alkaline: boiling solutions always require 5.4 c.c. more of -''0 acid to 
reduce them to the neutral point, than ihey do in the cold, 

a. The Mb. — The determination of the ash gives very variable 
results, pointing to fairly volatile constituents. Parallel determina-' 
tions made on samples of 0.5 to 0.75 gm., with various degrees and 
time of heating, gave 2.4; 3.0; 3.3; 3.6; 4.0 per cent. 
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The mean of these — 3.3 per cent — if dissolved in water, gives 
nearly the same depression of freezing point as the albumose from 
which it has been prepared, so that it may probably be presumed to 
be correct : 

A of 0,75 gm. peptone dissolved in 25 c.c. of water = 0.104. 

A of ash of 0.75 gin. peptone dissolved in 25 c.c. of water = 0.092. 

Of this 3.3 per cent of ash, i .27 are chlorides, calculated as NaCl, 
The peptonum siccum ex albumine, Merck, with which Bugarszky 

and Liebermann (5) started, contained 16 per cent of ash ; while 

their dialyzed product contained 1.27 per cent. 

A of 4 gm. of peptone dissolved in 100 ox. water = 0.033. 

A of ash of 4 gm. of peptone dissolved in 160 ex. water = o.ooa. 

Sjdqvist (2) (p. 348) finds in his purified albumose 0.63 per cent 
of ash, consisting mainly of Ca, SO^ and PO4, with very little chloride. 

The reaction of the ash, dissolved in water, equals 4 c.c. fg alkali 
per gm. of albumose (very near the alkalinity of the original albumose 
to litmus). This leaves 9.0 c.c. of the original alkalinity unaccounted 
for. The easy volatility of the ash .suggests ammonium. However, 
the fact that the depression of freezing point of the ash is practically 
that of the proteids proves that the alkalinity is inherent in the proteid 
molecule. So does Sjoqvist's observation; his albumose contained 
but \ the ash of mine, yet it had the same alkalinity. However, 
ammonia, or some volatile base, is present in a loosely combined state. 
On boiling peptone with NaOH, the vapors blue litmus and paper 
moistened with dilute CuSO*. A determination by Schloesing's 
method yielded 1.8 c.c. ]" volatile alkali per gm. of albumose. 

3. Dlasoolabillty of the par* albnmoae aolutloii. — {A) Freezing 
points: My first studies were made by determination of the freezing 
point, using Beckmann's apparatus. 
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Theresults are given in Table II, and Curve I, I. 



Freezing Points > 



TABLE II. 
r Waterv Solutions o 



WiTTE's peptone. 




I. 


II. 


III. 


IV. 


V. 


RmuUs ai BUGAKSZKY 
and LlEBERMANN 

on their dtalyzed 


Gm. o( 

inlOOcc. 


A 


& p. gm. 
100 C.C. 


Molecular 

per gm. of 

albumose in 
100 C.C. 


Mean 


weight. 


II. 


III. 


0.25 










QSX» 


0,016 


OS 


O.0S9 


0.118 


0.06243 


160.2 


0.008 


0,016 


1.0 


0.072 


0.07Z 


0.03807 


262.5* 


0.013 


aoi3 


2.0 


0.087 


0.0435 


0.02302 


434.S 


0.020 


0.010 


3.0 


0.10* 


0.035 


0.01852 


540.0 






4.0 


ai33 


0.033 


0.01746 


57ZJ 


0.QJ3 


a00825 


6.0 


0.193 


0-032 


0.01693 


S90.6 






ao 


0.242 


0.030 


0.01587 


630.0 


0.060 


00075 



Explanation of Table II i — 

Column II : A = Depression of freezing point. 
Column III : 



gm. in I 



Column IV : 
Column V : 



The columns II and III of Bugarszky and Liebermann correspond 
to these numbers in the above, and are calculated from the figures 
given on page 71 of their article (5). 
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CUHVB I. — WitTR's ptptoni dittolvid i. 
conductivity are reduced lo 1 gm. in 
Table 11, >nd III, Table lit. 



'tr. The molecular concentration and 
.c, and coireapond to the Columns IV. 



{B) Electrical Conductivity: This was taken by a modification of 
the Kohlrausch method, using the apparatus employed by G. N.- 
Stewart in his work on the permeability of blood corpuscles. 

The result is given in Table III and Curve I. 



Witte's peptone. 


SjiVjVIST. 


1. 

Gm. of 
inlOOcc. 


II. 


III. 


IV. 


V. 


Conductivity 
at 5' C. 


Conductivity 


Gm. of 

in 100 c.c. 


Specific 
conductivity. 

0.0397 
0.1552 
0.2505 
03385 
03952 
0.4249 
0.4481 


1^ 
\ 

s 

10 


1.563 
2.781 

5.05S 

8345 
14.58 
25.34 . 


5.018 
4.450 

4.04S 
3338 
Z.916 

2-534 


1.0 

2.0 
4.0 
6.25 
8.33 
9.99 
12.49 
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Explanation : 

Column II. Reciprocal ohms x lo ' reduced to 5° C. 

_ , .,. Conductivity (— Column II) 

Column III. — - '— '. 

gms. in 100 c.c. 

Columns IV and V are taken from p. 348 (2) ; Column V varies as Column II. 

Both the freezing point and conductivity indicate a dissociation of 
the albumose. Such has, indeed, been the opinion of all previous 
observers. The number of molecules which arises varies, however, 
■with the different samples. From the curves it will be seen that an 
8 to 10 per cent solution is practically undissociated, while the dis- 
sociation is practically complete with a content of ^ to ^ per cent. 
With the latter concentration, each gram of Witte's peptone causes 

nearly four times [ ~ ;r- I ss much depression of freezing point as 

^001587^ 
in an 8 per cent solution. Each "average" molecule is therefore 
capable of dissociation into four. With the albumose used by 

Sugarszky and Liebermann the dissociation is only into two ( — J. 

The- form of the curve plotted from their data coincides closely with 
that drawn from Witte's peptone. 

It seems beyond doubt that the ash is responsible for the greater 
dissociation observed in Witte's peptone. The average molecular 

■weight ( - — —- ' — ——^ 1 of the latter, inclusive of ash, is in Jhe un- 
dissociated condition 630, when dissociated 160. Subtracting the 
concentration due to the ash, the average molecular weight of the 
ash-free Witte's peptone lies about 4600. The albumose employed 
by Bugarszky and Liebermann had the molecular weight, when non- 
dissociated, of 2520(1. f., about four times that of the Witte's inclusive 
of ash) ; when dissociated its molecular weight was 1180, Their 
albumose was, however, a mixture of unknown composition. This 
is still more true of the Witte's peptone, and the problem of what 
molecules exist in the non-dissociated and in the dissociated solution, 
is hedged about by so many sources of confusion that speculation 
about it appears valueless. However, that Witte's peptone is dis- 
sociated in the manner described, and that the number of dissociated 
molecules bears so simple a ratio to the non -dissociated, are interest- 
ing phenomena. 

If the albumose is added to i per cent NaCl solution, dissociation 
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does not seem to occur. The A of the NaCI solution was 0.653. 
Adding 3 per cent of albumose it became 0.740. Assuming that the 
dissociation were as in water, it would have been 0.757 ; if no dis- 
sociation had occurred, it would be 0.743 — within 0.003 of what was 
actually found. Even this small difference may be explained by the 
condensation of the NaCl. 

The electrolytic dissociation gives us another aspect of the 
phenomenon. In Witte's peptone the conductivity is increased by 

dissociation to — per gm., (■ e., doubled. Sjoqvist's albumose in- 

^■^^* u 0.0897 

creases from 10 per cent to i per cent by per gm. : irom 12 

'^ "^ ' 0.0425 ' " 

per cent to i per cent by ~ — j- per gm. As the dissociation at i 

per cent is not quite complete, we may assume that the conductivity 
of his albumose is rendered three times as great by dissociation. 
The changes in conductivity do not admit of as clear insight or as 
simple interpretation as do those of the freezing point. Not all the 
fragments of the dissociated molecules need be conducting; the non- 
conductors will lessen the conductivity of the others; further, the 
conductivity of the different ions is far from uniform. However, 
the close correspondence in the changes of freezing point and of con- 
ductivity in the case of Witte's peptone seems to show that the two 
are parallel processes; and since the conductivity is merely doubled, 
whereas A is quadrupled, the conclusion appears to be justified that 
not all of the molecules arising in the dissociation are conducting. 
The albumose part of the original molecule is probably non-conduct- 
ing. Ammonia (NHj) is also a non-conductor (2, p. 331), and since 
the alkalinity increases when dissociation is brought about by heat, it 
appears a not unlikely hypothesis that this may also be split off from 
the albumose. 

A very interesting difference appears when the dissociation of the 
albumose is compared with its decomposition, as by bacteria. G. N. 
Stewart (6) has investigated the molecular changes occurring in 
Witte's peptone solution through the growth of B. subtilis, and B. 
proteus 2enkeri. In Experiment III, p. 241, he used both the freez- 
ing pdint and c()nductivity methods. The sample of Witte's peptone 
with which he worked, evidently corresponded very closely with mine, 
since a 4.3 per cent solution gave A 0.124 *"<^ conductivity (using 
the same apparatus) of 13.68 x io~^ at 5°. The growth of the bacteria 
was associated with a splitting up of the molecules. When this de- 
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composition bad been carried to the maximum possible under the 
conditions of the experiment (No. i), i was increased fifteen times, 
the conductivity sixteen times. 

TABLE IV. 
Freezing Points. Acid and Albuuose. 



The conductivity in bacterial decomposition is therefore increased 
by even more than the amount corresponding to the liberated mole- 
cules, whereas in dissociation the conductivity is considerably less. 
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When the decomposition is only slight, the case approaches more 
nearly to dissociation ; thus in No. 6 A is increased 2.2 times, con- 
ductivity 1,7 times. Kiihne^ investigated the action of B, subtilis 
and B. prodigiosus on solutions of protalbumose, from the chemical 
standpoint, and found that the phenomena resemble closely those of 
tryptic digestion. The conversion to tyrosin, leucin, and tryptophan 
was often almost complete. 

4. Combination of Wltte's peptona with aulpbailo aold. — I investi- 
gated this subject by the freezing point and conductivity method. 
The results are given in Tables IV and V and in Curve II. I shall 
again place parallel with them the results of Bugarszky and Lieber- 
mann (5, p. 73). 

Explanation of Table IV: — 

Column II : A = observed depression of freezing point. 

Column III : = — ,r- 
1.89 

Column VI a : should be parallel to Column VI, both indicating the loss 

in molecules. 

TABLE V. 

CONDUcrivrnr or Mixtures of liHjSO^ and Albumose. 



I. 


11. 


III. 


IV. 


Gm. of albu- 

moKln 
100 C.C. add. 


Contiuctlvity 
at 50 C. X 10-*. 


Absolute 

loss of 

conductivity. 


Each per cent of 
albutniMe lessens 
condueliviiy by 



h 

5 
10 


203.9 

177.9 
14&7 
107.4 
4S.1S 
41 .S 


26.0 

SS.2 
96.5 

isa75 

162-4 


41.6 

44.Z 

3a6 

31.75 
16.24 



The numbers and curves from the freezing points show that both 
Bugarszky and Liebermann's and Witte's peptone cause, in small 
amounts, a condensation of the molecules, so that the addition of 
albumose molecules to the acid, instead of increasing, actually 
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diminishes the number of molecules present. An increase in the 
size of the molecule — in other words, an actual combination — must 
therefore have taken place. The conductivity curves force to the 
same conclusion. 



CURVB 11— Addition of 
VfiTTE'sfiepUneU yh HjSOc 
No. 1. Molecular concentra- 
lion = Column 1 II. Table I V. 
No. 2. Conductivity = Col- 
umn II, Table V. No. 3. 
Reduction per giam of 
Wrrrt's peptone —- Column 
IV, Tabic V. No. 4. A o£ 
BuGARSZKV and Liebek- 
mann's albuDiose in fn HCl 
- Column II a, Table IV. 
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Further deductions as to the amount of acid combined with the 
albumose, and as to the structure of the resulting molecule, are 
rather hazardous. Even the freezing-point method does not give 
an unequivocal answer to these questions. 

As has been said, the addition of albumose molecules produces even a decrease 
in the total number of molecules present. It causes similarly a decrease 
in the electrical conductivity, much greater than if it were an absolute 
non-conductor — for each gram the decrease is from i6 to 70 per cent of 
the conductivity, while other non-conductors cause only a decrease of from 
1 to at most 4 per cent (albumin 1.52 per cent — Sjoqvist ; hiemoglobin i per 
cent — G. N. Stewart). The lessened conductivity is explained at least in 
part by the lesser molecular conductivity of the newly formed ions. The 
lessening of the freezing point can only be explained by lessened dis- 
sociation, or actual entrance of the entire acid molecule into the albu- 
mose molecule. Counteracting the condensation resulting from this, 
we have the fact that tlie acid-albumose compound dissociates hydrolyti- 
cally partly into its components in dilute solutions (Sjoqvist (2) p. 335). 
Attempts to calculate tlie freezing point by allowing for these factors 
must prove fruitless, until we can assign a numerical value. to them. 
Even the point at which the acid is saturated by the albumose is open 
to doubt. Yet the tables and cun'ts show some striking phenomena 
which demand disc 
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The freezing points show that the minimum concentration exists 
with Bugarszkyand Liebermann'salbumoseat 4gm. p. looc-c. j^ HCI ; 
with Witte's peptone at 4 gm. p. 100 c.c. ^ HjSO^. At this point 
there is a sharp bend (Curve II, Nos. i and 4.) The concentration now 
increases regularly, and with Bugarszky and Liebcnnann's albumose, is 
almost exactly the molecular concentration of the added albumose. The 
combination of acid and albumose may therefore be supposed to be 
complete at the point where the angle occurs. Accordingly i gm. of 
Bugarszky and Liebermann's albumose binds LJ^ X ^^ = 1.25 « HCl ; 

and since 4 gm. of their albumose in 100 c.c. = ( — q — = 1 0.016 

undissociated molecule, and 100 c.c. of -^^ acid = .050 molecule, i mole- 
cule of albumose combines with 4 molecules of acid. If the combina- 
tion of Witte's albumose were also complete at this point, then i gm. of 
Witte's peptone binds ^^ x -^ = 2.$ « HjSO^ or 0.0632 molecule 

of albumose bind i molecule of — ; or i molecule of albumose binds 



, , , -HaSO. 
I.! molecule of — * — '. 



However, Column VI of Table IV shows that the maximum con- 
densation equals 0.0985 to 0.1114 molecule. The persistence of this 
figure very near to 0.1 seems to argue that this amount of albumose 
is bound by the acid. If this is its significance, then i molecule of 

Witte's peptone binds I molecule of — *. This would correspond 



'<• (o57k=) 



6 gm. of albumose per 100 c.c. 1" acid, or 15.5 c.c. 

of "0 acid per gm. of albumose — a figure very near to the alkalinity 
toward methyl orange; 6 gm. of albumose per 100 c.c. is also the 
point where the conductivity has reached its maximum. 

These phenomena appear therefore to point to the existence of two 
maximaof combination, the first containing i.}, the second i equivalent 
of H3SO4 per average molecule of the peptone. 

The fact that the freezing point of the acid returns to the original 
when 6 per cent of albumose have been added, whereas it has not 
reached this point even when 16 gms. of Bugarszky and Liebermann's 
albumose have been added to 100 c.c. /J, acid, is easily explained by 
the ash of the former. If this ash does not partake in the combina- 
tion, it should raise the concentration proportional to the amount 
added (allowing for lessened dissociation). 10 gms. of undissociated 
ash in 100 c.c. would raise the concentration about 0.144 molecule. 
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So that a lo per cent solution really has theoretically a concentration 
of 0.2731. The observed concentration being 0.1757, it is plain that 
Witte's peptone also does not really reach the original concentration 
when 10 per cent have been added. 

The electrical conductivity curve corresponds in kind very closely 
to that given by Sjoqvist. From his curves combination with 
^ HCl was complete when 7 per cent of albumose had been 
added, as also for 5% HjSOi. With Witte's peptone, the minimum 
conductivity was reached, when 6 gm. were added to 100 c.c, of -j" 
HjSO,. With this it is -^ of the original ; with 4 per cent it 
'8 A- 

The binding power of albumoses for acids has been very extensively 
studied, and the widely different methods which have been employed 
have given results which agree quite closely in certain particulars. 

Sjoqvist's admirable paper (2) gives an extensive account of the 
earlier literature, particularly as concerns the combination of hydro- 
chloric acid with albumin. As regards albumose, the first quantitative 
work quoted by him is that of Herth (1884). The latter precipitated 
hemialbumose from acid solution by NaCl and found that the pre- 
cipitate washed with NaCl contained 5.3 per cent HCl (which would 
equal 14.6 c.c. ^ acid per gm.) which by dialysis could be reduced to 
a minimum of 1.87 per cent= 5.1 c.c. ^ acid per gram. The former 
figure agrees fairly closely with that obtained by me with Witte's pep- 
tone. The latter could perhaps be explained by hydrolytic dissocia- 
tion. The results of Sjoqvist have already received sufficient mention, 
as also those of Bugarszky and Liebermann. The latter also meas- 
ured the combination by the electromotive force, and obtained results 
which agree with the freezing method. 

O, Cohnheim (7) investigated the subject by Hofmann's method, 
adding an excess of HCl and determining the uncombined acid by 
inverting cane sugar. He finds the interesting fact that with albumoses 
the amount of acid bound per gm. of albumose varies inversely as 
the dissociation, whether the latter is brought about by great dilution 
or by heating. This is the more remarkable in view of the fact that 
the alkalinity of Witte's peptone towards methyl orange increases by 
heating. Cohnheim, however, showed that an ti peptone does not 
change its binding power by dilution. These differences may be 
explainable by differences in the constitution of the various albumoses. 
The lesser combining power in Cohnheim's dissociated albumoses 
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may be due to hydrolytic dissociation. Tbe greater combining power 
of the dissociated Witte's peptone to the liberation of a basic (amin ?) 



In 5 per cent solution the protoalbumose binds, at 40° C, 4.7 per 
cent of its weight of HCI, which would correspond to 12.9 c.c. of i% 
acid per gm. of peptone; deuteroalbumose binds 5.48 per cent; 
heteroalbumose, 8.16 per cent; antipeptone, 15.78 per cent — the 
last three in 2.5 per cent solution. Cohnheim also used the salt- 
precipitation method forproto-and heteroalbumose, as also Gunzburg's 
reagent. These all gave practically identical results and showed that 
concentration above 2.5 per cent does not increase the combining 
power materially. 

Table VI gives a brief survey of the results obtained by different 
investigators. 

TABLE VI. 



ex albumine" 
Schuchaid, dUlyzed 

"Peptonum siccum 

ei albumine " 
Merck, dialyied 

Hemialbumose 
After prolonged di- 

Protoalbumose 
De u teroal bumose 
Heteroalbumose 
Ami peptone 

Witte's dry pep- 



BuGARSZKVandLcE- 

BEBMANN (5) 

HRRTH (2) 

Cohnheim (7) 
sollhann 



orHjSO, 
12,5 HCI 



12.9 HCI 
15.0 HCI 
Z2.3 HCI 
43.5 HCI 



Titration against tropio- 



By inversion of cane sugar ; 
precipitation by NaCl, 
and OUnzburg'i reagent. 



Titration against metbyl 

orange at 100° C. 
Freezing point. 
Freezing point and con- 
ductivity. 



' This is the point at which the conductivity is depresied no further by further 
addition of albutnose. Sjoqvisl himself does not state the conclusion that the acid 
is just saturated at this point. 
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5. Combination ol albumose witb sodium bjdrate. — This subject 
appears to have received much less attention. Sjoqvist states that 
the behavior of albumoses to alkalies is similar to their reaction with 
acid, and promises further work on the subject. The only important 
work actually published, however, is found in the paper of Bugarszky 
and Liebermann already quoted. They investigated the problems 
by the electromotive force and by freezing points, the results of the 
two methods being in agreement 

I shall again place the results of these authors parallel with my own, 
which are set forth in Tables VII and VIII and Curve IIL 

The explanation of the columns is the same as in Tabic IV. 

TABLE VH. 
Freezihg Points. Sodium Hydkatk and Aubuxose. 







Witt 


's peptone. 




Bugarszky and 

LlEFERMANS. 


I. 


II. 


III. 


IV. 


VI. 


Ila. 


V,. 
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e 
.2 

e 
1 
I 


Hi 

lif 


ifference between ob- 
ved concentration and 
eoretical; i. «., sum of 
centration of the NaOH 
plus undissociated ■ 
albumose. 


' 


Terence between sum of 
reeling point of alkali 
3 that of undissociated 
bumose; and observed 
freezing point. 










-S-s| 




c-s.-^ 


0.0 


0.386 


0.2042 






0188 




0.5 










0180 


0.0117 


1,0 










0.166 


0.0295 


2.0 










0.143 


0.0600 


3.0 


OJ33 


0.2026 


-0.0016 


-0.0190 






4.0 










0.133 


0.0700 


6.0 


0.383 


0.2026 


-0.0016 


-0964 






7.0 


0.438 


0.2317 


+0,0275 


-0.989 


0.161 


0.0870 
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TABLE VIII, 
Conductivity, Alkali, and 



I, 


II. 


III. 


IV. 


Per cent at 
albumose. 


Conductivity at 


Absolute loss 
of 


Each per ceni of 
albumose lessens 
conductivity by 





155.0 






1 


134*t 


20.16 


32.26 


li 


122.60 


32.40 


25.92 


21 


102.97 


52.03 


2081 


S 


69.20 


85.80 


17.16 


10 


47.44 


107.56 


10.76 



Curve Ul. — Addition of Wiite's ffpimu 
lo j"oNaOH. 1. Changes in the mo- 
lecular concentration (= Column HI, 
Table VII). 2. Changes in the con- 
ductivity (= Column II, Table VIII), 
3. Reduction of conductivity p«r gm, 
of altjumose (= Column IV. Table 
VIII}. 4. Changes in freezing point, 
BuGARSKKY and Liebermann. 
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A remarkable difference is at once seen between the albumose used 
by Bugarszky and Liebermann, and Witte's. The former lessens the 
depression of the freezing point, the minimum being reached (by inter- 
polation) at 3 per cent, and it has not returned to the original even 
at 8 per cent, in a" NaOH. Accepting the minimum as indicating 
complete saturation, i gm. albumose would bind 16.7 ," NaOH, or 

I molecule of albumose = f „ '' = -^—^ ) = 4i molecules of NaOH. 
\ 1.89 0.012/ ^^ 
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However, Bugarszky and Liebermann did not determine the freezing 
point with 3 per cent of albumose. The minimum actual determina- 
tion was at 4 per cent, which corresponds to i gm. binding 12.; c.c. 
of -j% of NaOH ; or i molecule albumose binding just 4 molecules of 
NaOH. The results by the electromotive method agree with these 
figures. 

Witte's peptone produced no alteration of freezing point until 
Ijetween 6 and 8 gms. had been added. The increase which then 
occurred corresponds to 1.7 gm. of albumose, so that the 6.3 gm. 
would saturate 100 c.c, ^^ NaOH; or i gm. 15.9 "-^ NaOH; or 
0.09954 molecule albumose bind o.l molecule NaOH — i. e., 1 
molecule binds i molecule. This corresponds, practically, to the 
maximum binding proven for decinormal acid, found by Bugarszky 
and Liebermann and by Witte. We roay„ therefore, conclude 
Aat Bugarszky and Liebermann's albumose is t<, valent; whilst the 
smaller molecule of Witte's peptone is monovalent. 

But another most significant phenomenon is, that while the addition 
of Bugarszky and Liebermani^s albumose below four per cent causes 
the molecL'Hr concentration to fall, it is unaltered by Witte's. This is 
presumably attributable to the ash of the latter. It is certainly a 
remarkable coined ience that the ash shduld raise the freezing point 
by just flie same amount by -vhich the albumose depresses it. Yet 
it seem^not improbable that this is the case. The addition of the 
ash M 6 gm, of undissociated albumose would increase the molecular 
coi^c-entration something like 0.0864 (= 6 X 0,0144) so that the num- 
ber of NaOH total molecules would be decreased , to %%%% ; Bugarszky 
and Liebermann find them decreased at most -by J| — not a very 
great difference. 

The conductivity curve shows also a marked peculiarity from that 
seen with acids. 

It might also be argued that the albumose inclusive of its ash com- 
bines with NaOH in such a way as not to change its ions; Na — 
OH giving, perhaps. Alb. Na — OH. However, that this could not 
take place without changing the dissociation appears unlikely, particu- 
larly in view of the fact that the conductivity is reduced by something 
like 20 per cent to 25 per cent for each gm, of albumose added. 



,y Google 



Dissociation and Combination of Wittis Peptone. 2 1 9 

Conclusions. 

1. The research gives data concerning the reaction of Witte's 
peptone toward different indicators, the content of the ash, the dis- 
sociability of the pure albumose solution, the combination of Witte's 
peptone with sulphuric acid, and the combination of albumose with 
sodium hydrate. 

2- Witte's peptone has an average molecular weight of 630, but is 
dissociable into four molecules by dilution. By heat it splits off an 
alkaline molecule, 

3. Witte's peptone appears to be monovalent towards acids and 
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THE peculiar modifications induced by formaldehyde in solutions 
of various proteids have been the subject of considerable inves- 
tigation, the literature of which is contained in a paper by Benedi- 
centi (i).' Proteoses and peptone, however, have been but little 
investigated in this respect. 

Charles Lepierre (4) presents in two short notes Bome observations on the 
action of formaldehyde on albumoses. His results, in so far as they treat 
of the same problems, differ considerably from my own. On account of 
the very scant details which he furnishes, it is impossible to account satis- 
factorily for these differences, and unprofitable to treat of them at length. 
I therefore take this occasion to point out the principal disagreements : — 

Lepierre states that the reaction does not occur, or at most very slowly, in the 
cold, but takes place quickly on boiling. Sometimes the substance is 
rendered insoluble, but more commonly (with commercial peptones) no 
conspicuous phenomenon reveals the reaction. The precipitate is insol- 
uble in Na^COj. 

I have found that" Witte's peptone ",isprecipitated by formaldehyde 
under certain conditions, whereas no precipitate occurs under other 
conditions. I have studied the factors influencing this precipitation 
so far mainly upon Witte's peptone, which I shall often designate 
briefly as " albumose." 

> The numbers refer to the bibliography at the end of the article. 



3,Googlc 



Combination of Formaldehyde with Wittes Peptone. 221 

A : Phenomena Observed with the Original Witte's Peptone. 

1. Appearance of the precipitate. — The addition of formaldehyde 
to aqueous solutions of the Witte's peptone causes an immediate 
turbidity which passes in a few minutes into a white curdy precipitate 
or gelatinous clot, according to the concentration in proteid and 
formaldehyde. The precipitation occurs only when the solution has 
a slightly alkaline reaction, such as is possessed by the peptone. The 
precipitation is incomplete, for the filtrate still gives proteose 
reactions. 

2. Solnbillty of tlie precipitate. — The precipitate is quite insoluble 
in water. When it is boiled with water for two hours the filtrate 
gives only the very faintest proteid reaction. It is, on the other hand, 
soluble in acids and alkalies, but the solubility is greatly diminished 
by the precipitate remaining in prolonged contact with the formal- 
dehyde. 

Immediately after its appearance, the precipitate dissolves readily and com- 
pletely in 0.2 per cent, or stronger, hydrochloric acid, in acetic acid, and 
in I per cent, or stronger, sodium hydrate or carbonate. It remains in 
solution when the liquid is made neutral to methyl orange, but is repre- 
cipitated when the reaction is made slightly alkaline. 

If the precipitate has been left in contact with the formaldehyde even for only 
five minutes, the addition of the above solvents only causes the precipi- 
tate to become more transparent in the cold, little if any dissolving. On 
boiling, however, it slowly goes into solution. After standing half an 
hour with CHjO, the solution occurs still more slowly. After sixteen 
hours' standing, the precipitate requires for solution nearly an hour's 
boiling on the water bath with 0.4 per cent hydrochloric acid, or about 
two hours' boiling with 10 per cent sodium hydrate; whilst two hours' 
boihng with i per cent sodium hydrate scarcely attacks it. 

The rapidity of solution was always greatest with o.a or 0.4 per cent hydro- 
chloric acid, next in 10 per cent sodium hydrate, least in i percent 
sodium hydrate. 

Drying at 110° C. only increases the insolubility of the precipitate. After being 
kept at this temperature, the precipitate is much more readily soluble in 
10 per cent NaOH than in 0.5 per cent H^SO,. 

The precipitate is also soluble in fairly strong solutions of neutral 
salts of alkalies, magnesium, and zinc, particularly in ammonium salts, 
least in zinc salts. This will be discussed with more detail below. 
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3. Reacttons of the redlaaolved precipitate. — The solutions of the 
precipitate, whether obtained at once and in the cold or after standing 
through prolonged boiling, in either acid or alkali, show the charac- 
teristic reactions of albumoses. The albumose can therefore be 
regenerated by bringing the formaldehyde precipitate into solution. 

They can be re precipitated by the formaldehyde in the solution, if the reaction 
is rendered faintly alkaline. They give a distinct biuret reaction; a 
yellow color and precipitate with nitric acid ; the precipitate dissolving 
on heating; a considerable turbidity with acetic acid and potassium 
ferrocyanide. 

After neutralization they give a copious precipitate with Almen's Tannin Re- 
agent (Almen's does not precipitate with formaldehyde) ; a lat^e preci- 
pitate on saturating or half saturating with ammonium sulphate ; a good 
precipitate on saturating with sodium chloride. 

Benedicenti (i) found that by driving off the formaldehyde from the proteid 
by steam, the proteids recovered their original properties. It appears 
from my results that albumoses may resume their characters even in the 
presence of formaldehyde, if the conditions for the actions of the latter 
are removed. 

Lepierre (4) also obtained a re-solution of his precipitates by heating for two 
hours at 110° C. in the autoclave. This solution has also the characters 
of the proteid from which it was formed. 

Although it follows from these experiments that albumose can be 
regenerated from the precipitate, the experiments do not show 
whether all the albumose can be recovered. The following experi- 
ment proved that this is the case. 

A sample of an albumose solution was treated with an excess of formaldehyde, 
and left to stand for half an hour. An equal volume of 10 per cent sodium 
hydrate was added, and the mixture boiled to solution. Another sample 
was carried through precisely the same process, except that water was 
added in place of the formaldehyde. The same proportions were used, 
and the two samples were treated simultaneously. Both solutions, i.e., 
with and without formaldehyde, gave the same intensity of precipitation 
with the tannin and with the ferrocyanide test. 

I shall, further on, have occasion to show that the alkaline solution 
of the formaldehyde-albumose precipitate contains, not the original 
albumose, but its formaldehyde compound. The acid solution, on 
the other hand, contains the free albumose. 
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4. Binding of the formaldehyds. — Benedicenti (l) has already shown 
by a titration method (see below) that formaldehyde is very firmly 
bound to proteid precipitates. He believes this to disprove the con- 
trary opinion of Eisner (1895) and Classen (1896). Using Bene- 
dicenti's method, I could corroborate his results also on albumose. I 
also succeeded in showing by other methods that the albumose enters 
into chemical . combination with the CH^O, and that the latter is 
retained by the precipitate, partly mechanically, partly in chemical 
combination. 

(a) The presence of formaldehyde is very readily shown by the brown color 
which it develops when it is boiled with alkali. The color is bleached by 
acid, but returns on making the solution again alkaline. The precipitate 
gives the reaction even after very prolonged washing. Thus, it was 
washed in a steady stream of hot water for two hours, then left to stand 
under water for sixteen hours. This hot water gave no color on boiling 
with sodium hydrate, but the precipitate gave a deep amber. 

The combination is also quite stable at 110° C. When the dried precipitate is 
heated at this temperature for as long as seven days or more, it remains 
quite insoluble in boiling water, but it dissolves slowly in boiling 10 per 
cent sodium hydrate, imparting to this a rather light amber color, yet 
four times deeper than is obtained by boiling the same amount of the 
original albumose with soda under the same conditions. 

(b) When a formaldehyde solution is added to an alkaline solution of 
albumose, the depression of the freezing point of the latter is diminished 
by as much as 0.0S6, instead of being increased by 0.123 '^ happens 
when the formaldehyde is added to an equivalent amount of alkali alone. 

(r) By Benedicenti's method it can be shown that the binding of the CHjO 
occurs independently of the precipitation. Combination may take place 
without any precipitate, and the latter when formed usually does not 
contain all of the compound. Vet after the most thorough washing, with 
or without drying at 1 10° for a week, the precipitate yields, after decom- 
position with acid, one and one-half to three times as much CHiO as the 
entire amount bound. 

The phenomenon that a proteid precipitate retains so firmly, yet merely me- 
chanically, a very volatile substance like CH,0, and protects it against 
solution and against volatilization, does not stand without parallel. It is 
known that iodoform may also be retained in this manner (5). 

B: Reaction with the Individual Albumoses. 

It has already been mentioned that the filtrate from the CH^O 

precipitate still gives proteose reactions. Even after standing thirty 
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days under the most favorable conditions the weight oE the precipitate 
amounts to only 40 per cent, its nitrogen to 48.6 per cent of the 
alburaose originally present. Under similar conditions the binding 
of the formaldehyde has reached its maximum in a much shorter time, 
so that the reaction must be considered as completed. There are also 
good grounds for the opinion that the precipitation is then complete. 
The non-precipitation of about 60 per cent Witte's peptone can, there- 
fore, only be accounted for by supposing that this part of it is in- 
capable of reacting with the CHjO, 

Half saturation of the BItrate in the above experiment with 
ammonium sulphate gave only a small turbidity; somewhat more 
occurred on saturating with NaCl. It appears, therefore, that the 
primary albumoses are practically completely precipitated. This was, 
indeed, shown to be the case on solutions of pure proto- and hetero- 
albumoses, isolated from the Witte's peptone and subjected to pro- 
longed dialysis. However, the primary albumoses are not the only 
ones concerned in the reaction ; for while the nitrogen of the pre- 
cipitate amounts to 48.6 per cent of that of the entire peptone, the 
nitrogen of the primary albumoses amounts to only 18 per cent if they 
are precipitated by saturation with NaCl, or to only 10 per cent if 
they are precipitated by the zinc sulphate method of Zunz (6). 

Some preliminary experiments, made to show whether deutero- 
albumose and peptone were precipitated by CH3O, proved unsuccess- 
ful, since the preparations were not ash-free. I hope to be able to 
extend the present research to isolated albumoses, and perhaps to 
other proteids. 

C: Conditions which Modify the Reaction. 
1. Methods. — I investigated the influence of various factors upon 

the reaction between the formaldehyde and Witte's peptone, mainly 

by the following quantitative methods : 

Ei OraTiinetrlc «Btimatioii of the precipitate. — The mixed solutions are 
set aside for a specified time. Two small fillers are exactly counter- 
balanced by cutting away the tip of the heavier filter, the entire filter being 
placed inside the mutilated one. The mixture and the gelatinous pre- 
ci|)itate are decanted upon these filters. They are then washed free of 
salts with boiling water, then with 95 per cent alcohol, then with petro- 
leum ether. They are then dried at 1 10" C, counterpoised and weighed. 

b Titration o[ the bound alkali. — To a certain quantity of the albumose 
(usually 10 c.c. of 5 per cent solution) of known reaction there was 
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added the solution of the substance to be investigated, and the formalde- 
hyde (usually 4 c.c, of z per cent. CHjO). The mixtures were allowed 
to stand undisturbed in bottles well fitted with greased glass stoppers for 
a specified length of time. At the end of this, methyl orange was added, 
and decinormal acid or alkali added to neutral reaction. The difference 
between this and the original reaction represents the quantity of the alkali 
bound. 
c Tltxatloa of tiie free formaldetiyde. — The method is essentially Benedi- 
centi's modification of Brochet and Gambier's process (z). To the neutral 
solution remaining afler the titration of the alkalinity (b), there are added 
10 c.c. of 2 per cent solution of hydroxylamin hydrochlorid (Merck) for 
each 4 c.c. of a per cent CHjO, This mixture is well shaken and set 
aside for an honr. Decinormal sodium hydrate is then run in drop by 
drop until the solution is neutral. As a control, another cubic centimetre 
of the alkali is added, and titrated back with decinormal sulphuric acid. 
The color change is by no means very sharp, unless compared with a 
standard sample. I would not place any significance on diiferences of 
0.3 c.c. of i"i, acid, equal to o.oog gm. formaldehyde. Tlii- difficulty was 
greater when the hydroxylamin was added shortly after mixing the al- 
bumose solution and the formalin. The amount of alkali required is sub- 
tracted from that required by the formaldehyde solution alone. The 
difference represents the formaldehyde bound by the proteid. 
The reaction occurs according to the equation 

H . CHO+NH,OH . HCl = CH, : N . OH+HjO+HCl. 
Therefore, 1 c.c. of jj, NaOH = 0.0030 gm. of formaldehyde. 
I first tried whether standing effected any changes in the pure formaldehyde 
solution. I found that this lost a small and fairly constant amount of 
formaldehyde (0.003 &^-) '^^ "^^ '■'^t '^'''y '> I'ttle, if any, later. I am in- 
clined to attribute this loss to the distribution of the formaldehyde vapor 
into the air of the bottle. 
Experiment : Into glass stoppered bottles there was placed 10 c.c. of water, 
and 4 c.c. of a 2 per cent formaldehyde (Schering). The formaldehyde 
itself has toward phenyl phtalein an acidity of less than 0.08 c.c. -j"^ for the 
quantity used ; toward methyl orange it is absolutely neutral. 
After adding the hydroxylamin, there were required for neutralization r — 

At once z6.6c.c. f^ HjSO," 

After having stood one hour 26.6 c.c. -{'^ HjSOj 

After having stood one to ten days 25.6 to 25.9 c.c. 

' This corresponds to 0.0798 gm. of formaldehyde, instead of the theoretical 
o.oo3 gm. The formalin (Schering) therefore contained 39.9 per cent of 
formaldehyde. 



„Goog[e 



226 Torald Sollmann. 

In all the following work, 26,6 c.c, -^^ was accepted as the standard for the 
4 c.c. 2 per cent formaldehyde, if the titration was made within one 
hour; 25.6 c.c. if made in one to ten days. 

Before my attention was directed to the binding of alkali by the compound, I 
reduced the reaction to the theoretical, not the actual, neutral, before 
adding the hydroxylainin. Results obtained in this manner allow no con- 
clusion as to the actual amount of alkali, or CHjO bound. They are, 
however, comparable amongst themselves, and I shall quote them as 
" combined alkali and CH,0." 

d Direct esUmatloii of the alkali and CHjO In the precipitate. — For 
this purpose the washed or dried precipitate is placed in a flask with a 
specified amount of o.i n HjSO,. The flask is closed with a perforated 
rubber stopper and connected with Liebig's absorption bulbs charged with 
hydroxylamin solution. The tlask is heated on a water bath until the 
contents dissolve. The direct titration of the contents of the flask shows 
the alkali which has been liberated. The hydroxylamin of the bulbs is 
now added to the acid ; the titration, aflcr standing, shows the quantity 
of formaldehyde liberated. 

e Freezing point. — The freezing points were estimated with the usual Beck- 
mann's apparatus. Instead of the customary platinum wire, I employed 
a spiral of rolled gold wire, 5 cm. long, the turns of the spiral being 5 mm. 
apart. The thermometer is standardized before «se by a known NaCl 
solution. Control readings agree to 0.002° C. 

C. 2. The Inflaence of alkaliiiit; or aolditjr. — All the phenomena 
under consideration — the precipitation and the binding of the 
formaldehyde and the alkali — are greatly influenced by the reaction 
of the liquid. 

The reaction in the following experiments is referred to methyl orange, towards 
which Witte's peptone has an alkalinity of 13 c.c. ^^ per gm., i.e. each 
gram of the peptone requires 13 c.c. y''^ H^SO, to render it indifferent to 
the indicator. By a " neutral solution " I understand one to which this 
quantity has been added. A solution of an alkalinity of 2.5 c.c. n per 
gm. is one to which 25 c.c. — 13 cc. = 12 c.c. "^ alkali has been added 
for each gram of albumose, etc. 

Before taking up the influence of changes in reaction upon the formaldehyde 
precipitation, it will not be out of place to record the 

2 a. Effect of the reaction npon the clearnesa of peptone aolutionB. — 
Neutral solutions containing 3J per cent of the peptone are distinctly 
turbid. The turbidity is greatest with a reaction of between 0.77 normal 
acid and 2.3c. c. normal alkali per 100 c.c. ; actual observation, 0.103 ^■'-• 
normal alkali. It lessens as the reaction is increased in either direction. 



,y Google 



Combination of Formaldehyde with Wittes Peptone. 227 

It disappears completely with the alkaUnity between 2.3 and 3.65 cc. All 
acid solutions show some slight turbidity, which does not increase on 
adding hydrochloric acid until the solution contains 20 per cent of HC1. 

2 b. Iiifla«uce of the reaotioa on precipitation by formaldehjrde. — 
This very conspicuous factor attracted my attention very early in this 
research, particularly as I have not seen it mentioned in detail in con- 
nection with the other proteids so far investigated. In this connection 
Benedicenti quotes the following : 

" Beckmann (3) shows that the hardening of gelatin is only partial 
when a small quantity of acid is present, and is altogether wanting 
if the acidity is strong." 

Benedicenti himself (2) (p. 238) found that egg albumin which 
has .stood some time in contact with formaldehyde, is precipitated by 
small quantities of either acid or alkali, but redissolves in an excess 
of either reagent. 

I made a rather lengthy series of experiments to determine the 
limits of reaction between which turbidity and precipitation occurs, 
and obtained the following results : 

Mixtures possessing a greater alkalinity than 1.6 c.c. normal per 
gram of albumose are not visibly changed by formaldehyde. 1.6 c.c. 
just shows a slight turbidity on standing three to four days. When 
the alkalinity is reduced to 1.52 c.c. per gram, a slight turbidity occurs 
at once, which is a plainly marked precipitate between the limits of 
1.45 and 0.9, If the alkalinity is less than 0.9, there is only turbidity 
within a few hours, growing more faint as the alkalinity is further 
reduced. With 0.4, the turbidity is still plainly discernible. Below 
this, it is doubtful. Absolutely none can be distinguished (in several 
hours) in neutral or acid solutions. The turbidity in weakly alkaline 
solutions grows more dense with time, and consolidates. A reaction 
of a8 alkali shows a clot in twenty-four hours; 0.4 in forty-eight 
hours. In three or four days a small, loose, flaky precipitate occurs 
even in neutral solutions. On boiling, the precipitate from neutral 
solutions is more abundant, yielding after twenty-four hours' standing 
a precipitate of 0.0305 gm., instead of 0.116 gm, given with an alka- 
linity of 1.3, under like conditions. Even on plain standing with a 
large excess of formaldehyde, an abundant precipitate occurs in neutral 
reaction, and apparently also in those containing 0.2 c.c. normal acid 
per gram of peptone. There is absolutely none with 0.5 cc. and 
upward of acid even after standing four days. 
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The optimum reaction — i, e., that which gives the largest pre- 
cipitate in the shortest time — lies between 1.05 and l.i c.c. of normal 
alkali per gram. The natural alkalinity of the peptone (1.3 c.c.) is 
therefore somewhat too great. This is supported by a gravimetric 
estimation : 

20 c.c. of 2\ per cent peptone solution with i c.c. of 40 per cent 
CHjO gave on twenty-four hours' standing 0.124 gm. of dry precipi- 
tate. The addition of a trace of hydrochloric acid brought down a 
further 0.0115 S""- '" twenty-four hours. 

1 desire to lay particular stress upon the fact that the limit beyond 
which further alkali prevents precipitation, is fwt determined by the 
absolute aviOHiit of alkali present, hut by the ratio of alkali tc peptofte. 

Thus, in a. \\ per cent peptone solution, the presence of 2.125 '^■'^- of normal 
alkali in 100 c.c. will prevent precipitation (alkalinity— 1,7 c.c. per gram 
of peptone) ; whilst the same amount of alkali in a ■i\ per cent peptone solu- 
tion (= 0.85 c.c. per gram of peptone) will allow a very large turbidity. To 
prevent precipitation in the latter requires 4 c.c. of normal alkali (= 1.6 
c.c. per gram). It follows from this that the reduction of the alkalinity 
by dilution with water does not cause precipitation. To secure the maxi- 
mum of precipitation in a i^ per cent solution requires a total alkalinity 
of 1.3 c.c. normal aJkali per 100 c.c. ; in a aj per cent solution, a. 6 c.c. 

Solutions which have stood four days with an excess of acid do not 
precipitate on neutralization. Those in which precipitation has been 
prevented by excessive alkalinity become turbid on being neutralized, 
the degree of turbidity being apparently proportional to the amount 
of alkali which had been added, up to about 2 c.c. n per gram. From 
here it again diminishes. With an alkalinity of 5 c.c. », there is but 
a very small turbidity on neutralization ; and none at all with 7.5 c.c. 
and above. Where a precipitate occurs with lower alkalinity, this re- 
mains after neutralization when the CH^O has been removed by 
hydroxylamin. Solutions with an alkalinity above 7.5 c.c. fail to give 
precipitation with this treatment. 

2 c. Effect of leacUou on the binding of alkali and formaldehrde. — 
On adding various amounts of acid or alkali to a solution of formal- 
dehyde, the reaction as well as the amount of formaldehyde are found 
unchanged, even when the mixture has stood for several days. Nor 
does the reaction change when peptone solution and acid or alkali arc 
left in contact. 
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If, however, mixtures of peptone, formaldehyde, and alkali are left 
together, a definite amount of alkali is bound so firmly that it is not 
liberated in the cold by the addition of acid. At the same time, a 
certain amount of CHjO is bound, the two being very nearly propor- 
tional. If the quantity of CHjO and the absolute quantity of alkali 
are sufficient, a certain maximum —6.4 c.c. ^5 alkali and 0.0447 S™- 
CHjO per gram of albumose — will eventually be bound, but the time 
required is determined by the excess of alkali or of formaldehyde 
present 

As regards the influence of reaction upon the combination: In an 
acid medium no combination occurs ; and the compound when already 
formed in alkaline medium, is decomposed by boiling with an acid, 
the original amount of alkali and CH3O being liberated. The follow- 
ing experiment may serve as an instance: 

Experiment no. To tv?o flasks containing 10 c.c. of 5 per cent albumose 
solution was added 4 c.c. of 3 per cent CH,0 and the same amount of 
CHjO to two flasks containing 10 c.c. of water, and each pair treated 
just alike at the same operation. One pair was left one hour, then 25 
c.c. "^ acid added, left over night, neutralized, and hydroxylam'in added. 

The peptone liberaftrf 26.0 c.c. -jo ^^id, the control 25.9 c.c. The other pair 
was left twenty-four hours, 25 c.c. jg acid added, and digested for J-" at 
100°, yielding a perfectly clear solution of the peptone. On cooling 
they were neutralized, and hydroxylamin added. 

The peptone liberated 20.5 c.c, the control 20.6. 

In alkaline solution, the extent of the reaction is exactly propor- 
tional to the amount of alkali present, as illustrated by Curve I. 

The experiments from which the curve was drawn were made by 
mixing 10 c.c. of a 5 per cent albumose solution with enough of -^^ 
acid or alkali to give it the desired reaction. The mixtures were set 
aside for four days and titrated. 

The maximum was reached under the conditions of the experiment 
when the alkalinity was 2.4 c.c. n per gram of albumose. 

A somewhat peculiar phenomenon is noted when fairly strongly 
alkaline solutions — say 2 to 3 c.c. « per gram — are neutralized, for 
the amount of alkali which is bound appears to be larger at first. The 
first change of color would perhaps indicate a binding of 5.0 c.c. ^ ; 
then the solution becomes yellow again, and more and more acid can 
be added, until the bound alkali corresponds to 3.2 or even 3.7 c.c. 
It appears as if a combination containing more alkali existed, from 
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which the alkali was slowly liberated — the whole change, however, 
occupying but a few minutes. 



'"■°— J, 







a_! 


— ■ 


V 
















. 


' 
















i . 
















i 


























-•■ 


-■ 


/ 


i 










> 


^ 




' 








^ 












• 


W 














/ 













































Curve I. — The effect of reaclion upon the binding or formaldehyde and alkali. The 
solid line and represent the combined alkali, the dotted ling and X the combined 
formaldehyde. 

The results of these observations show very conclusively that the 
reasons why precipitation does not occur in acid nor in alkaline media 
are very different. In the former, the combination does not take 
place; in the latter, the compound is soluble. 

The freesing-poittt method also shows that a combination occurs 
in the presence of an alkali, but not in the presence of acid. 

A of t"5 NaOH = 0.429° C. 

A of 35 C.C 1I, NaOH 

+ 4 C.C. 3 per cent CH,0 = 0.552° C. Difference = +0.1 23' C. 
Aof25c.c.y^NaOH + o.sgm.albumose = 0-435° C. Difference = —0.004° C. 
A of 25 cc. tV NaOH + o-sgrn-albumose 

+ 4 C.C. 2 percent CHjO = 0.524° C. Difference = +o.o'"'''' 

(Alkalinity = 6.3 « per gram.) Condensation = o-o-s" f" 
A of ft HjSO, = 0.254° C. 

A of 35 cc. fff H^, 



■0.095" c. 



0.028° C. 

54" c. 

+ 4 cc. a per cent CH^O = 0.4; 
H,SOj 
+ 0.7s gm. albumose = 0.335° *^- Difference = - 



. , , , 0.430° C. Difference = +o,i76° C. 

A of 25 cc /y H,SO, 
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A of 25 c.c. /j H,SO, + 0.75 gm. 

albuiDose + 4C.C. 2 per cent CH3O = 0.428° C. Difference = +0.174° C. 
(Acidity = 3.3 n per gram.) Condensation = 0.002° C. 
Examples of this could be multiplied. 

C 3. Inflaence of tbe coDceiitrBtioii in formaldohydo on the reaction, 
— The effect of increasing the quantity of formaldehyde is like that 
of increasing the alkalinity, a more rapid combination and precipita- 
tion. The slower reaction with the lesser amount of formaldehyde is 
by no means due to a want of a sufHcient quantity of CH3O to com- 
plete the reaction, for I used in every case more than is actually 
bound (viz., more than 0.0447 S™- CH^O per gm. of albumose). 
The following figures support these statements : — 



CHjO (gm.) 
added per gm. 
of albumose. 


Strength of 
the solution 

^natural re- 
action). 


Time of 
swnding. 


Precipitate. 


ccof ft 
alkali bound. 


CHjO bound. 


Per 


gram of albumose. 


ai6 


3.5 


4 days 




3.8 


0.01.W 


a4 


2.0 


4 day* ■ 




S£ 


00282 


0.8 


1.5 


4 days 




6.Z 




1.0 


1.2s 


4 days 




6.0 




0.16 


3.5 


Iday 


0.095 






4.0 


2.1 


Iday 


0232 






1.00 


1.5 


4 days 


0.232 






0.16 


3.5 


4 days 


aii9 


3.8 


00150 


0.08 


7.0 


4 days 


0.109 


5.9 


0.0282 



The last two experiments show how the retarding influence of a 
lesser concentration in CHjO may be counterbalanced by other 
favoring factors, as in this case by greater concentration in albumose. 

C 4. Inflnence of the conoentratlon In albomoae on the reaction. — 
Greater concentration of the solution tn albumose also hastens the 
reaction, as is shown by the following results: 
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Strength of 
the solution 
in albumosc 
(%). natural 
reaction. 


CH,0 (gm.) 
added per 


Time of 

standing. 


Precipitate. 


C.C of ft 

alkali bound. 


CHjO bound. 


Pe 


gram of albumose. 


2.1 


4,0 


Iday 


0.U6 






3.4 

5.0 
3-5 


4.0 
4.0 
0.16 


Iday 

3 days 

4 days 


O.l'WS 
a2015 

.... 






2.7 (Combined) 


S,.S 


0.16 


4 days 


.... 


3-21 (Combined) 


3.S 


0.16 


4 days 


0.119 


3.8 


aoiso 


7.0 


0.0S 


4 days 


0.109 


5.9 


0.0282 



C 5 Inflnenoe of atending npon the reactton. — I have already had 
occasion to mention that the reaction is a leisurely process. Even 
with the optimum conditions, scarcely any combination occurs at 
once, and the reaction is only a fifth completed in ten minutes, and is 
still incomplete in an hour. The precipitate also does not occur at 
once, under the most favorable conditions, and it consolidates and 
gelatinizes only in the course of time. The length of time required 
to complete the reaction varies inversely as the other favoring condi- 
tions. With the usual disposition of the experiment it is complete 
in less than eighteen hours, when the alkalinity is 2.5, whilst with an 
alkalinity of 1.3 it is not quite complete even in twenty-three days. 

The following protocols and curve will bear out these statements: 
a Pr«oipitatiou : 
0.5 gm. of albumose, 30 c.c, of water 5 c.c. 40 j>er cent CHjO. 

Precipitate after standing i day weighs 0.23Z per gm. of albumose. 

Precipitate after standing 31 days weighs 0.361 per gm. of albumose. 

Precipitate after stantiing 30 days weighs 0.401 per gm. of albumose. 
o.j gm. albumose, 10 c.c. of water and 4 c.c. 2 per cent CHjO. 

Precipitate after standing i day weighs 0.085 P^'' S"'- of albumose. 

Precipitate after standing 4 days weighs 0.107 P^*" S™- of albumose. 

Precipitate after standing 23 days weighs 0.1035 P^"" S'"- of albumose. 
b Binding of alkaU and CH^O. — This is shown by Curve II, which 
reptesents only some of the experiments made, and which all illus- 
trate the same facts. Since the binding of alkali and CH^O are 
strictly proportional, the former is alone depicted. 
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Curve II. — Efftet ef slaading upon the rcruHon. No. 1; 
Reaction 0.8 alkali. The curve represents the "com- 
bined " iigures. No.Z: Reaction U alkali. No. 3 : 
Reaction 2.h alkaU. No. 4: Reaction 5.0 alkali. 
Nos. 1,' 2 and 3 — cc. ^V alkali bound per gram. 
The arrow indicates the accepted maiimum of bound 
alkali (6.4 cc --^ per gram of albumosc). 



c Freexing points. — The results are pre- 
sented in the form of a table : 
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i 







II 

as 




•3 


i 




1 


11 




1 


195 


OS 


2-5 


2.5 alkali 


0.16 


20 cc. 


Ihour 
Iday 

4 days 


x-f 0.048 
x-h 0.046 


T 


197 


05 


2-4 


2.7 alkali 


ai6 


21 cc 


At once 


0.040 


■• 


197 


li) 


4.9 


2.1 alkali 


0.0s 


21 cc 


At once 
4 days 


0.020 
0.071 
a086 


I 


198 


3.0 


11.0 


047 alkali 


a037 


29 cc 


At once 
Iday 


0. 

0.041 


Consider- 
able 


199 


0.75 


2.6 


33 acid 


0.107 


29 cc 


At once 

3 days 


0. 

a 


None 


205 


Z.5 


8.6 


0.26 alkali 


0,032 


29 cc. 


15 roin. 


0. 




207 


05 


1.7 


6J alkali 


0.16 


29 cc 


Ai once 
16 days 


0.024 
0.109 


Few flakes 


■ This number refers to the difference 


between the A obs 


erved. and 


hat which 




d occurred. Thus 


in Experi 


nent 198; 


25 cc. ^ HjSO, gives A 0.254. The addi 


ion of 4 cc. of Z 


pet cent C 


r,0 gives 


A 0.430. The A has increased by 0.176. 








25 cc. y", H3SO, + 3 grams albumose, 


gives A 0.360. The 


addition 


4 cc of 


2 per cent CH,0 should give 0360 + 0.17 


i = 0.536. The ac 


ual reading 


, immedi- 


ately after mixing, is 0-540; no condensatio 


n has taken place. 


After four 


dav!^, the 


reading is 0.495 ; difference a536 - 0.495 = 


0.O4]. 
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C 6 Influence of boUlng on the oombin«tlon. — The reaction is 
greatly hastened by boiling, and this is especially noticeable when 
the alkalinity is low. Boiling, as I have shown in the preceding 
paper, increases the alkalinity of peptone by 5.4 c.c. ^i P^r gram. 
This is undoubtedly an important agent in the favorable influence of 
boiling, which acts in this way like tbe addition of alkali. That this 
is the case is shown by the fact that the boiling causes precipitation 
even in neutral solutions, and the latter acquire an acid reaction. 
However, this increase is not sufficiently large to account for the 
great rapidity of the reaction, so that this must be favored directly 
by the heat. 

A neutralized solution of albumose is mixed with formaldehyde and methyl 
orange, boiled for an hour, and the precipitate is estimated after twenty- 
four hours. The solution turns pink. The precipitate is a third of that 
given with an acidity of 1.3 on standing twenty-four hours (0-0305, in 
place of o. 116). With alkalinity 1,3, boiling gives approximately the 
same quantity of precipitate in an hour as is found after standing at 
ordinary temperature for twenty-four hours (o.iro instead of r.ii6). 
Boiling a solution of alkalinity 1,3 with 0,16 CHjO per gram for an hour 
also gives the maximum binding of alkali, such as could only be obtained 
in the same solution by standing at ordinary temperature for over twenty- 
three days; or in several hours by increasing the alkalinity to 2,5. 

Boiling causes no precipitate in solutions which contain an excess 
of alkali, nor in the presence of oS n acid per gram. 

C 7 Bffect of aalta upon tbe oomblnatton. — The precipitation of the 
albumose and the binding of the formaldehyde are both very con- 
spicuously influenced by the presence of salts in the solution. 

Small amounts of all the neutral salts — of alkalies, magnesium,' 
and zinc — lessen the precipitation, and in greater amounts prevent 
it entirely. The most efficient are ammonium salts.' These also 
dissolve the precipitate immediately after it has been formed. On 
older precipitates they have little if any action, even on very pro- 
longed boiling. As in the preventation of precipitation by alkalies, 
the absolute quantity, or concentration of the salts and of the albu- 
mose, are immaterial, the main factor being a certain minimum ratio 

■ It is well known that ammonium sulphate decomposes formaldehyde when 
heated with it. This is not, however, the main factor in my results: the solution 
still |»ssessc<l .1 strong formalin otlor, and precipitated when an excess of albu- 
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of salts to peptone. A much less influence appears to be exerted by 
the amount ofCH^O in increasing the precipitation. 

The presence of sufficient salts also prevents the binding of the 
formaldehyde completely. 



Protocols. 

R Balta preveatiiig th« preolpltatton. — z c.c. of 5 per cent albumose are 
mixed with i c.c of the following solutions, and i c.c. of 40 per cent 
CH3O. The solutions were : Water, NHiCl, 25 percent; Na,S04, 
KBr, MgSO,, ZnS0,',(NH4),S0< — all saturated solutions. 

In five minutes the water showed a large coagulura ; the (NH,)iS04 and 
ZnSOi showed a slight turbidity (precipitation of the albumose by the 
salt?). The others are quite clear. In twenty minutes the NajSOi is 
also somewhat turbid. 4, 8, and 16 c.c. of water were now added to 
each tube. The result was that the turbidity in the (NH4),S04 cleared, 
whilst that in the ZnS04 became more pronounced. The other tubes did 
not undergo any change. 

The ratio of i c.c. of saturated solution of any of these salts to o.i gm. of 
albumose prevented, therefore, the precipitation. There was a slight pre- 
cipitate in the case of ZnSO^; less with the Na,SO,. 

b Baits on already formed precipitates. — An albumose-formaldehyde 
precipitate, having stood with the precipitant for a day, is put in mixtures 
of two volumes of water and one volume of the solutions mentioned in 
the previous experiments. No perceptible solution occurred in any on 
boiling for two hours. 

Portions of 2 c.c. of albumose are mixed with i c.c. of 40 per cent CHjO. 
In an hour are added i c.c. of the above solutions. The mixtures all 
become clearer, the NHjCl most, then the {NH()^04. None dissolves 
completely. The tubes are set in the boiling water bath. The NHiCI 
and (NH4)jSO, are both completely dissolved. They still have a strong 
CHjO odor, and precipitate albumose. AH the other tubes show only 
partial solution in twenty minutes. 

10 c.c. 0(5 per cent albumose are mixed with 5 c.c. of water and 4 cc. of 2 
per cent CHjO. A precipitate occurs at once. In five minutes are 
added 5 c.c. of saturated NaCl. The mixture is a turbid solution in one 
hour. 

As the last experiment, but the NaCl is added only at the end of an hour. 
As a result the jelly-like precipitate becomes grumous. fioiling clears 

' The zinc sulphate solution was acid to methyl orange. A small quantity of 
NaOH was added, so as to make it slightly alkaline to litmus, whilst still acid to 
tlie orange. 
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the mixture somewhat, but any real solution is doubtful, even after boiling 
for an hour. 
An old precipitate dissolves very incompletely on repeated boiling and stand' 
ing (a total of twenty-six hours of boiling and four days of standing) with 
fourth -saturated ammonium sulphate. 

Ratio of salt required to prevent precipitation, — I have shown above 

that a ratio of lo c.c. of saturated solution to i gm. of albumose, pre* 
vented precipitation entirely with all the salts except zinc sulphate. 

1 tried to demonstrate the exact ratio required in the case of sodium chloride. 

The difficulty of distinguishing a turbidity caused by the formaldehyde 
from that naturally present in the mixture is very great. This I attempted 
to obviate, with fair success, by keeping a control portion of the aJbumose- 
salt mixture before adding the CHjO. 
The results are succinctly set forth in the table. 



Effect of NaCl o 
Unless otherwise noted, the amou 



THE Precipitation of Peptone. 
t of C H»0 was 0.J to 10 % ; the time of standing. 



c.c. of saturaled 

NaCl per gm. of 
peptone. 


Resulu. 


NaCl present in 

100 c.c. of the 

mixture. 


Gm. of peptone 

present in 100 

C.C. of the 


Remarks. 


M.0 
ZO.0 


No precipitate 
in 4 days. 

No precipitate 
in 1 day. 

No precipitate 
in 1 day. 

Large 


eao 
4ao 


1.67 
2.0 




20.0 


13.0 


0.67 




20.0 


33.0 


1.7 


15% CH,0 


10.0 


precipitate. 
No precipitate 
in 20 min. 


25.0 


2,5 




10-0 


S.0 


0.5 




5.0 


No precipitate 

in 4S min. 
-Slight turbid. 


9.9 


1.3 




3.2 


8.9 


2.78 




2.9 


No precipitate 


12.5 


4.37 




2.8 


Doubtful 


3.3 


1.2 




2.5 
2.5 


No precipitate 

in 45 min. 
Slight 


99 
11.1 


3.6 




2.0 


precipitate. 
Good 


5.0 


2-5 




2.0 


I'ted''i?att"'' 


6.7 


4.S 
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It will be seen that precipitation is completely prevented when the 
ratio of saturated salt solution to albumose is between 2.5 and 3.2: I. 
As I shall show later, very much smaller amounts materially lessen 
the precipitation. 

I determined also the necessary proportion of magnesium sulphate. 
With this, a ratio of 7 c.c. of saturated solution to : gm. of albumose 
allows only a trifling turbidity on adding the CHjO. 

d OravliDetilo aiUiiuitioii of tba praolpitates under tbe Influence of 
•odlam ohlorlde. — I have mentioned elsewhere that the precipitate on 
mixing 10 c.c. of 5 per cent albumose solution, ro c.c, of water, and 5 cc. 
of 40 per cent CHjO, and allowing to stand for a day, weighed o. 1 16 gm. 
On substitution of i c.c. of saturated NaCl for i c.c. of the water, the 
precipitate weighed 0.083 S'"- '^^^ substitution of to c.c. of saturated 
NaCI for the 10 c.c. of water prevented precipitation entirely. 

e Tltratton. — After allowing the following mixtures to stand for four days : — 

(a) 10 c.c. 5 per cent albumose, i c.c. xo ^cid, 4 c.c. 2 per cent CH,0. 

(b) Above, plus i c.c, saturated solution of sodium chloride, 

(c) Above, plus 20 cc. saturated solution of sodium chloride. 

5 cc, of ^ HjSOi are added, then 10 c.c. of 2 per cent hydroxylamin hydro- 
chloride, and after standing an hour, 7"^ NaOH to neutralization. 

(a) requires 23,4 c.c. 

(b) requires 22.9 cc 

(c) requires a6.o c.c, 
CHjO alone requires 26,0 cc. 

No binding has therefore occurred in (c). 

The effect of salts upon the precipitation of albumoses by formal- 
dehyde is very different from their influence on precipitation by 
alcohol, for they favor the latter (Kiihne 7). That they prevent the 
reaction of the albumose with CH^O appears capable of scarcely any 
explanation, except that they enter into a compound with the albu- 
mose. This is also favored by the fact that a certain quantity, 
rather than a certain concentration, of salt is required to prevent the 
precipitation. Yet this is against the evidence of St. Bugarszky and 
Lieberraann, and against the result obtained by myself (see previous 
paper) on mixtures of albumose and NaCl. I have not yet inquired 
further into the phenomenon. 
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D. Discussion of the Results. 
1. ^That beoomes of tile bonnd olhall?— In the reaction of the 
alkali with the formaldehyde, a definite amount of the alkali is bound 
so that it is neutral to methyl orange. This amount is perfectly pro- 
portional to the quantity of CH^O bound. The maximum binding, 
which is quite constant, however varying the conditions under which 
it has been produced, is &4 c.c. of the j^ alkali for each gram of the 
albumose added. If the combination is broken up as by boiling with 
acid, the entire amount of the alkali is again liberated. Since the 
same amount of alkali disappears when no precipitation occurs {i.e., 
in strongly alkaline medium) it is plain that its disappearance is not 
due to its being mechanically retained by the precipitate. Yet when 
a precipitate occurs, this contains part of the bound alkali, the 
quantity being proportional to the completeness of the precipitation. 
The alkali therefore forms an integral part of the compound^ which 
latter behaves toward it as an acid. This acid apparently cannot 
exist in free form. 

Protocols. 
No. 150. 20 c.c. of 2^- per cent albumose and 5 c.c. of 40 per cent CHjO 
are set aside twenty-four hours. The precipitate {which by control (146) 
weighed 0.1095 f^T) "'^s washed in running water for three days. 35 
c.c. of jg acid were added, and the flask was set to boil on a water bath. 
In two hours the solution was not quite complete. It was now titrated 
back, and required only ^3.7 ^^^ alkali — i.e., 1,3 yn alkali had been bound 
by the 0.5 gm. of original peptone. A control shows that the alkali 
bound in the entire mixture under like conditions = 3.2 c.c yj,. The pre- 
cipitate therefore contains -— of the bound alkali. 

No. 152. ro c.c. of the j per cent peptone and 4 c.c. of 2 per cent formal- 
dehyde were allowed to stand for three days. It was found that the 
mixture had bound 1.6 c.c. "^ alkali. Half of the liquid was decanted ; the 
other half was left on the precipitate over night. The latter required 
0.2 c.c. ,p acid to reduce it to neutral. No solution was apparent, and 
this ]]robabIy corresponds to the mechanically retained alkali. 

20 c.c. of y" acid were now added, and the mixture boiled. Cotni»]ete solution 
occurred in half an hour. On titration it was found that i c.c. y^ alkali 
had l>een given up by the precipitate. 

D 2 Summary of relationB. — The quantity of alkali and CHjO entering into 
the combination Iwar a simjile relation to each other and to the peptone. 
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The maximum bound under different conditions is per gm. of dburaose : — 
Of alkali, 6.0 to 7.4 c.c. /^ ; mean, 6.4. 
Of CH,0, 0.041 to 0.048 "jf ; mean, 0.0447. 

This corresponds to 0.429 c.c. -^^ NaOH for 3 mg. CH,0 (= i c.c. ,'n CHjO). 
Tlie amounts bound under less favorable conditions vary in the different ex- 
periments. 

For alkali, from 1.6 to 4.0 ; mean, 2.5 cc^''^- 
For CHjO, from 0.0108 to 0.0270 ; mean, 0.0147, 
which corresponds to 0.51 cc. y*?, NaOH for 3 mg, CHjO. 

It appears, therefore, that the alkali and CH^O are bound in the 
ratio of one molecule of the former to two of tke latter. I have already 
explained that there is reason to suppose that only part of the Witte's 
peptone participates in the reaction. This part is of course alone 
important in the present connection. 

Just how much, however, enters into the reaction is difficult to 
determine. The maximum precipitation which has occurred under 
the most favorable conditions, was in one case 0,401 ; in another, 
0.403 gm. per gram of the original albumose. Since these closely 
related results were obtained under very different conditions, — the 
former by very long standing, the latter by greater concentration in 
albumose with comparatively short standing, — it appears not unlikely 
that the entire quantity of the compound was precipitated. If this 
were the case, the formaldehyde albumose compound would contain 
j>er gram 0.1109 gm. of CH3O, and have an alkalinity equal to 
1 5.9 cc, Y^ NaOH, This I attempted to control by decomposing pre- 
cipitates through boiling with acid. The details of these experiments 
I have already described. The CH3O content of the precipitate was 
invariably much greater than what would correspond to the above 
ratio. This is readily explained by the mechanical fixation of the 
CHjO. The alkali liberated corresponded to 11.9, and 21.2 c.c. ^ 
per gram of the precipitate. These figures are necessarily very 
faulty. In the first case the mixture was turbid, so that the decom- 
position was not quite complete; in the second we may assume a 
mechanical retention of the alkali. But they approach sufficiently to 
the theoretical number to lend it support. The compound, therefore, 
contains somewhat more alkali than the original albumose (1.6 : 1.3). 
It comes so near, however, that it suggests the view that the alkali 
which is fixed is mainly the "natural" alkali of the peptone, and if 
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this is true, it follows that one equivalent of albumose unites with 
two equivalents of CH3O. 

It is a most Interesting fact that if the exact proportion of the ingredients are 
employed the combination occurs with extreme slowness, but is hastened 
very greatly when a greater concentration of any of the ingredients is pres- 
ent. I was at first tempted to explain this favoring influence of the 
increased alkalinity on the theory that the aikali-albumose compound 
mentioned in the preceding paper entered more readily into the reaction. 
However, since the same favorable influence is exerted by a greater con- 
centration of any of the other constituents, I refer the effect of increased 
alkalinity to the same cause. I believe that we have here merely an 
illustration of the old phenomenon that concentrated solutions react more 
energetically than dilute. The great sensitiveness of the present reaction 
to concentration is interesting, but may probably be explained by the 
fact that the slowness of the reaction permits us to follow it more ac- 
curately. 

Before concluding this paper, it may not be amiss to compare the 
formaldehyde reaction of the albumose with that of other proteids 
as determined by Benedicenti (i). 



Proteid. 


Alkalinity per 

gm. in ex. of 

normal solution 

(melhyl orange). 


CH,0 bound 
per gin. 


C.C. of ^ alkali 
bound per gm. 


Maxima. 


Gelatin, liquefied by boiling 

Gelatin, liquefied by boiling 
pyocyaneus 

Egg, white, fresh .... 

Egg, white, dry .... 

Blood setum ..... 

Fibrin 

Casein 

Albumose (Sollmann) 


ass 

0.85 

0.175 

1.3 

0.175 

0.35 

0.7Z 

,.3 


0.013S 

0.0390 

0.00375 
0.01S0 
000315 
0.0115 
0.0059 
0.0M7 


1.0 

0.5 
0.2 
1.75 
0.25 
3.1 
3.8 
6.4 



The albumose binds the greatest amount, both of the formaldehyde 
and of the alkali. In the former respect it is most nearly approached 
by the products formed from gelatin through bacterial action. It is 
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interesting to note that the combination of proteid with CH3O is 
always accompanied by a binding of alkali. However, the ratio of 
the two substances entering into the combination varies with the 
different proteids. It does not appear to depend upon the alkalinity 
of the original proteid. The binding of the two substances proceeds 
parallel with most proteids; but with gelatin and fresh egg-albumin 
the combination of the alkali is completed considerably before that of 
the formaldehyde. 

While on this subject, I deemed it interesting to investigate whether acaeta 
also enters in combination with formaldehyde. This was found not to be 
the case. I found that acacia gives no precipitate with formaldehyde 
either naturally or on altering its reaction. The sample of acacia required 
for neutralization to methyl orange 1.9 c.c. /{, acid. With the usual dis- 
position, neutralizing before adding the hydroxylamin, 10 c.c, of 5 per 
cent solution of this acacia requires, after standing with 4 c.c. of 3 per cent 
formaldehyde for 

One hour, 26,7 c.c. of Vi alkali. 
Four days, 26.2 c.c, of -/^ alkali. 

Therefore none of the formaldehyde is bound. 

Conclusions. 

A. The addition of formaldehyde to a weakly alkaline solution 
of Witte's peptone causes the formation of a precipitate which 
develops somewhat slowly. The precipitate is dissolved by boiling 
with dilute acid or alkali, the solubility diminishing on prolonged 
contact with the precipitant. The solutions give the general reactions 
of the original proteose, and may be reprecipitated by reducing the 
reaction to faint alkalinity. The precipitate contains chemically 
combined formaldehyde. A certain amount of the latter is also 
retained mechanically, but so that it cannot be removed by prolonged 
washing and heating. 

B. Only about 40 per cent of the proteids of Witte's peptone 
participate in the reaction. The primary albumoses are completely 
precipitated. 

C. The formation of the precipitate occurs only within compara- 
tively narrow limits of reaction, — 0.2 c.c. n acid to 1.6 c.c. « alkali 
per gram of peptone. The optimum reaction for precipitation is 
I.I c.c. n alkali per gram. Precipitation is also favored by greater 
concentration in albumose or in CHjO, as also by standing or boiling. 
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The reason for the non-precipitation of the albumose with an acid 
reaction of the liquid lies in the fact that no combination occurs. 
Increased alkalinity, on the other hand, favors the combination, 
but precipitation does not occur, since the compound is soluble in 
alkaline liquids. 

The binding of the CH^O is associated with a binding of the alkali, 
the two entering into combination in a constant ratio. Both are 
liberated in the original quantity if the compound is decomposed 
by the action of acid. 

The combination is favored by greater concentration in alkali, 
formaldehyde, or albumose, and by standing or boiling. A certain 
maximum is reached which is constant under whatever conditions 
it has been produced. The combination is prevented by the presence 
of neutral salts. 

D. One gram of Witte's peptone is capable of binding 0.0447 S*"- 
of CH^O and 6.4 c.c. ^ alkali. It appears probable that the com- 
pound weighs 0.402 gm., so that a gram of the compound contains 
0.1 109 gm. CHaO and 15.9 f^ alkali. The ratio of CHjO to alkali 
is two equivalents of the former to one of the latter. Since the 
bound alkali is probably the natural alkalinity of the albumose, it 
follows that one equivalent of albumose binds two equivalents of 
CHjO. 

A binding of alkali is also seen with other proteids, according to 
Benedicenti's figures. 

Acacia does not bind formaldehyde. 
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A COMPARATIVE STUDY OF THE VISCOSITY OF THE 
BLOOD. 

By RUSSELL BURTON-OPITZ. 
[From Me Physiolegkal Leieratary ef the Harvard Medical JcA™/.] 

IN the present investigation upon the determination oE the viscosity 
of the blood in cold-blooded animals the method used is that 
given by Hiirthle^for measuring the viscosity of the "living" blood 
in mammals. In brief, the method consists in determining the time 
which a measured quantity of blood, under a certain pressure, requires 
to pass through a capillary tube of known size. Cannulas are placed 
in both carotid arteries. One cannula communicates with the capil- 
lary, the other with a mercury manometer. When the blood escapes 
from the capillary it is caught on one of the two triangular glass 
plates which are attached to a vertical lever and which move in front 
of the opening at right angles to the direction of its lumen. The 
glass plates diverge below, each one leading to a receptacle. After 
one or two- drops of the blood have dripped into one of the small 
glasses, the lever is rapidly moved to the other side. The blood now 
passes into the second receptacle, which is weighed afterward, to- 
gether with the glass plate leading to it. After about twenty-five 
or thirty seconds the blood is again directed into the receptacle used 
before. The movements of the Icverare recorded upon smoked paper 
beneath the record of a Jaquet chronometer, beating fifths of seconds. 
The viscosity coefficient K is obtained by calculation from the quantity 
of the blood, its specific gravity, the blood- pressure, the duration of 
flow and the length and internal diameter of the capillary. 

In the present series of experiments two capillaries were employed. 
The diameter of each was measured with the aid of the microscope 
and was determined again by weighing columns of mercury contained 
in the lumen of the tube (Table I). 

For capillary A the following values were taken : length, 249.0 mm., 

' HQrthlb, K. : Archiv flir die gesammte Physiologic, 1900, Ixxxii, pp. 
415-442- 
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Russell Burton-Opitz. 
; and for capillary B : length, 254.0 mm., diameter, 



TABLE I. 
The Dimensions of the Capillaries 



Capillar;. 


Length, 
(mm.} 


Diameter, (mm.) 


Microscope. 


Mercury column. 




249.0 


■ O.S2S0 
aS2S4 
aS260 
0.5252 


aS2S0 


B 


254.0 


0.4950 

a4%z 

0.4951 


0.49SS 



It was now necessary to determine whether with these capillaries 
values for the viscosity of distilled water could be obtained which 
would agree with the standard determinations given by Poiseuille, 
The results are shown in Table II. It will be observed that the 



Exp. 

1 
2 
3 


Capil. 
lary. 


^ITc- 


Time. 

sees. 


Pressure, 
mm. Hg. 


Quaniiiy. 
mg- 


I, 
Coeffi- 

water. 


II. 
CoetB- 

seuille. 


Differ- 
ence be- 


A 

A 
A 


21.00 

21.0° 
20.0° 


32.51 

3460 
3840 


1025.0 

817.0 
770,0 


337S.S5 

2873,1 
2956,35 


3282,4 
3293,5 
3240.0 


3316,0 
33160 
3236-0 


-34 

-23 

4-4 


4 
S 
6 


B 
B 
B 


22-0° 

22.0" 
Z2.20 


29.79 
26.59 
34.40 


765.0 

703.0 
684,0 


2415,95 
1974,85 
2519.6 


3429.0 
3423 
3470,0 


3406.0 
3406,0 
3406,0 


+23 

+17 
4-64 
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coefficients, obtained with the above-mentioned capillaries, differ only 
little from those of Poiseuille ; indeed, the differences are too slight 
to be of importance. 



The Viscosity of the "Living" Blood of the Frog. 

I had intended at first to determine the viscosity of the frog's 
blood both in the warm and the cold season of the year, but, as frogs 
in captivity rarely show a true winter sleep and as this sleep, were it 
present, would be more or less disturbed during the experiments, 1 
have abandoned this idea for the present. Under these adverse cir- 
cumstances which were increased by anatomical difhculties, I was 
forced to seek a more uniform basis for the experiments. 

The frogs were caught late in the autumn. The experiments were 
made in the winter months, from November to February inclusive. 
The frogs remained in the laboratory for two days before the experi- 
ment, at a uniform temperature of from 20° to 22° C, 

The specific gravity of the blood was determined by means of 
small, curved glass tubes, having very thin walls and measuring about 
I mm. in diameter. The relative values were obtained by weighing 
the tube when empty and when filled first with water and then with 

TABLE III. 

Bullfrog. Haita catesbiana. 





Capillary. 


Temp. 


Spec. grav. 


Time in 


Pressure, 
mm. Hg. 


Quantity, 
mg. 




A 


20.0° 


ia36i 


Z9.Z4 


Z60.0 


3M.46 


13Z1.6 


Arteriie ischiadiMe. Curare, 5 mm. Weight, 270 gms. 


A 20.0° 


1042.0 


23.69 


250.0 


233.68 


1227.0 



blood. This was necessary because the quantities of blood available 
did not permit the use of the pyknometer. Even the withdrawal 
of the cubic centimetre of blood necessary to fill a very small 
pyknometer would very likely have brought about changes in the 
viscosity. 
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When it became necessary in some of the later experiments to 
know the specific gravity before the determination of the viscosity 
was begun, the chloroform-benzol determination, described by Ham- 
merschlag,' was employed. This method reveals decided changes in 
the specific gravity very clearly. 

I first endeavored to use two corresponding peripheral arteries of 
small size, one of which could be connected with the mercury man- 
ometer and the other with the capillary, but even in the largest frogs 
these vessels are so small and delicate that it is impossible to intro- 
duce sufficiently large cannulas. With larger arteries, the ischiadic^, 
satisfactory results were obtained in two bullfrogs. (See Table III.) 

Having found the peripheral vessels so unsuitable for these 
experiments it seemed advisable to use the aortas. These vessels 
are sufficiently large even in small frogs. Generally, the left aorta 
was connected with the capillary, while the right furnished the pres- 

TABLE IV, 
BULLFHOC. Rana catisbiana. 





Aorta. Ether- 


arcosis. Weight, IW gms. 




Capillary. 


Spec, gray. 


Temp. 


Time in 


Pressure. 

mm. Hg. 


Quantity, 
mg. 


Coefficient. 


A 


1.0335 


21.0= 


19.86 


22iO 


163.84 


1515.2 




Aorta. Curare 


3min. Weight, 130 gms. 




A 


1.038 


21.0° 


2S.60 231.0 2-H,05 


1290.2 




AorU. Ether- 


arcosis. Weight, 180 gms. 


1147.6 


A 


1.048 


■ms" 


24.71 23S.0 


26S.1S 



sure curve. To make this method less open to objection the cannulas 
were introduced as near as possible to the dividing point of the 
truncus arteriosus. In this way the arteri^e pulmonales were on the 
proximal side of the cannulas and the lesser circulation was left 
unobstructed. Furthermore, the peripheral circulation of the right 

' A. Hammerschlag ; Zeitschrift fur klinische Medicin, 1892, xx, p. 444. 
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side was not cut off until the experiment actually began, and 
the blood was permitted to flow through the capillary only from 
twenty to twenty-five seconds. In this way the grave errors which 
might result in consequence of the obstructions to the circulation 
were excluded as is shown by the close correspondence between the 
result of these experiments and those with deflbrinated blood (Tables 
XII-XV). 

Table IV shows the results obtained in three experiments with 
" living " blood by the procedure just described. 

The five foregoing experiments, therefore, have given the follow- 
ing coefficients : — 

TAKLE V. 



Experiments. 


Temperature 


Specific gravity. 


Coefficient. 


1 


20.50 


1.04S 


1147.6 


2 


20.0° 


1.042 


1227.0 


3 


21.0" 


1.03S 


1290.2 


4 


200° 


1.0365 


1321.6 


5 


21-0" 


1.0335 


1515.2 



Ir. considering these results, it seems remarkable that, in spite of 
the apparent " thinness " of the blood of the frog, the average vis- 
cosity coefficient (1300) at 20° C. is almost the same as that in the 
rabbit (1350)'. The explanation of the fact that the viscosity of the 
frog's blood is not less than that of the rabbit must undoubtedly be 
sought in the temperature, While the warmth of the blood of the 
former animal corresponds with the temperature of the surrounding 
media, the blood of the latter is constantly kept close to 37° C. The 
great internal friction of the frogs blood is dependent upon the low tem- 
perature. 

This statement is supported by the following observation : With 
every increase in the temperature the viscosity decreases in a corre- 
sponding manner — i.e., the coeflicients become larger- When the 
blood of the frog was heated to 37° C. in the experiments with de- 
flbrinated and 09(alated blood, to be described on pages 253 to 257, 

• For the viscosity- coefficients of the rabbit's blood, see Burton-Opitz, R. : 
Archiv fiir die gesammte Physiologie, 1900, ixxxii, pp. 460-463. 
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the viscosity fell decidedly below that of the rabbit's blood, the 
coefficients then being — for the frog 1700 and for the rabbit 1350. 
Thus, the viscosity of the frog's blood determined at 37° C. showed 
the expected decrease, as compared with the internal friction of the 
blood of the rabbit. Under normal conditions the frog is never ex- 
posed to so high a temperature, and therefore the viscosity never falls 
to such a degree. The viscosity of distilled water at 20° C. is 3236 
(Poiscuille), the blood of the frog is therefore 2.4 times more viscous. 
At 37° C. the viscosity of distilled water is 4696, that of the frog's 
blood (1700) is therefore 2.7 times greater. 

Table V shows further that the changes in the specific gravity and 
the viscosity of the blood pursue a parallel course — namely, the 
greater the specific gravity, the greater the internal friction and vice 
versa. This relationship may become indefinite, or even contrary, if 
the difference between two samples of blood is very slight ; but on 
the whole decided changes in the viscosity are always betrayed by 
equally conspicuous changes in the specific gravity. 

The Influence of Curare and Ether on the Viscosity of 
THE "Living" Blood. 

It is of course essential that the frog remain motionless while the 
experiment is in progress. To attain this end ether or curare was 
employed. The question arose therefore whether these agents change 
the viscosity of the blood. As it is impossible to determine the vis- 
cosity in the unnarcotized animal by the method used in this investi- 
gation, it is necessary in seeking an answer to the above problem to 
rely upon a comparison of the specific gravity of the blood of the 
unanaesthetized and anaesthetized animals. I hold myself justified in 
making this comparison, because the experiments with the blood of 
warm-blooded animals,' as well as those in the present series upon 
the frog, show conclusively that a very distinct parallelism exists be- 
tween the specific gravity and the viscosity. However, in drawing 
these conclusions it is essential that the differences be large. 

In the experiments we are now considering the specific gravity was 
determined by means of the chloroform-benzol mixture. The blood 
was withdrawn from the arteria; ischiadicEc. These vessels were 
isolated from the surrounding tissues, and raised so that the blood 

' Burton-Opitz, R.: Archiv fiir die gesammte Physiologic, 1900, Ixxxii, pp. 
447-463 and pp. 464-473' 
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could be conveniently caught in the vessel containing the chloroform- 
benzol mixture. A few drops of blood were first allowed to escape 
before the drop to be used was allowed to fall into the liquid. Two 
or three determinations were made. The wound was then closed, 
because in the second withdrawal of blood the other artery was used, 
two or three determinations again being made. 

The details of the experiments with curare are given in Table VI. 

TABLE VI. 
The Effect of Curare. 



Eip. 


Weight of 
frogs, 
gms. 


Sp. gr. before 


Quantinr 

injected. 


Time 
elapsed. 

minutes. 


Sp. gr. after 
injection. 


1 
2 
3 
4 

S 
6 

7 


1Z5 

Z5 

no 

130 
170 
120 
90 


1.03S 
1.041 
1.035 
1.038 
1.037 
1032 
1.044 


3 
1-2 
3 
3 

3 


15 
20 

IS 
15 
20 
20 
20 


1.0415 
1.043 
l-OW 
1.045 
1.011 
1.0395 
1.048 



The same method was employed in the experiments with ether. 
The frogs were allowed to inhale the vapor until dyspnoea re- 
sulted, because at earlier stages of etherization no marked change 
could be obtained. The first two frogs were subjected to a second 
narcosis some time after the first with the result as given in Table 
VII. 

Both curare and ether, administered in the specified manner, 
materially increase the specific gravity of the blood of the frog. As 
it has been shown above, and in my earlier papers, that the specific 
gravity and the viscosity usually run a parallel course, it is probable 
that as the specific gravity is increased by curare and deep etheriza- 
tion, the viscosity is atso increased. This result cannot destroy the 
value of the experiments with " living" blood, because, even if this 
increase takes place when ether and curare are employed, the co- 
efficients are still correct. They betray the viscosity when the 
specific gravity possesses the indicated values. 
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TABLE Vri. 
The Effect of Ethrr. 



Exp. 


Weight 
of frogs, 
gms- 


Sp. gr. 

Normal. 


Sp. gr. 

Elher- 

narcosis. 

I. 


Inter, 
val. 


Sper. 
alter 

I. 


Sp. gr. 

Ether- 

tiarcosia. 

II. 


Inter- 
val, 
min. 


Spgr. 
after 

n. 


1 
2 
3 

5 


120 
160 
80 
25 
120 


1.036 
1.033 
l-OW 

1-037 
1.037S 


l.(H15 

1.037 
!.0t3 
1.042S 
1.W15 


40 


1.0375 
1.0345 


1.W1 
1.0375 


50 

60 


1.038 
1.0345 



I determined the specific gravity in about thirty frogs, varying in 
size from twenty-five to two hundred and ninety grams. The values 
ranged from 1.033 to 1.050, the average being 1.037-1.038. This 
property of the blood bears no relationship to the size of the animal. 



The Viscosity of the Defibrinated and 0.xalated Blood. 

In attempting a comparative study of the viscosity of the "liv- 
ing " blood and blood which had been kept fluid artificially either 
by defibrination, or by the addition of some oxalic salt, I was again 
embarrassed by various difficulties. All the experiments with the 
unnarcotized animal failed more or less completely, and even if I 
had succeeded, the quantity of blood remaining would not have been 
sufficiently large for an adequate number of determinations of the 
latter type. Under these circumstances the specific gravity had to 
be taken as the only indication for the viscosity of the " living " blood. 

The blood was withdrawn from the arteria ischiadica, to the first 
3 c.c. being added from two to three drops of a 2 per cent solu- 
tion of potassium oxalate. Then the remaining quantity was quickly 
withdrawn, but in order to prevent dilution by lymph no more than 
S C.C. of blood were collected and defibrinated. 

The apparatus was arranged in the following manner : A pressure- 
bottle was connected by means of a Y-tube with a mercury man- 
ometer and a short wide glass tube which contained the blood, 
stopcocks being interposed in each case. The small reservoir for 
the blood could easily be joined with the Y-tube on the one side, and 
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with the capillary on the other. Only the ends of the glass tube pro- 
jected, the remaining portion being surrounded by a mantle through 
which water of a certain temperature could be passed. When the 
experiment began it was only necessary to open the stopcocks, the 
blood then being driven through the capillary, where by means of 
the vertical lever it was collected in the weighing-glass. 

A special arrangement to prevent sedimentation was unnecessary, 
because the blood was well mixed before being drawn into the glass 
tube. Moreover, the entire quantity of the blood contained in the 
receptacle was always forced through the capillary in each experi- 
ment. Finally, the duration of the experiment was shortened as 
much as possible, the different determinations usually not lasting 
longer than from twenty-five to thirty seconds. As the viscosity is 
materially increased when the blood is left standing for some time, 
these experiments were always finished in as short a time as possible 
after the withdrawal, generally in from three to four hours. 

While the first two tables (VIII and IX) give the coefficients of 
both the oxalated and the defibrinated blood in each case, the last 
table (X) gives only the viscosity of the oxalated blood of two frogs. 

The results of this gpoup of experiments are essentially the same 
as those obtained with the blood of the dog. The viscosity of the 
"living" blood is not at all like that of the defibrinated or the 
oxalated blood. While by the addition of potassium oxalate the inner 
friction is perceptibly increased, the blood shows a decided decrease 
after defibrination. 

TABLE VIII. 



Specific gravity of "living 


blood, MmL 


Weight, 145 gms. 








k 








. 


^ 




Experimenls. 


1 


t 


1^ 




h 


P 1 

^ 1 I 


1 




Mean 

value. 




f '^ 


l.OH? 


20.5= 


21.92 


800.0 


688.40 121S.0 


1 




1. Oxalated blood 












1 


\ 4,1.0 


1196.S 




(a 


1.W47 


20.5 = 


\i>2A 


800.0 


495.23 1175.0 
























blood 


A 1 1.0335 


20.5= 


25.16 


762.0 


9030 11476.0 

1 




1476.0 
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TABLE IX. 

Rana cattsiiana. 



SpedSc gravity of " living " blood, 1.0451. 


Weight, l.« g 


™. 




Enperiments. 


U 


1 
1 


h 





1=^ 




1 

1 


1 


Mean 
value. 




f A 


1.04SS 


20.0° 


23.74 


848.0 


741.48 


1141.5 


) 




1. Oxalated blood 
















} 16.S 


1149.0 




(a 


1.W5S 


20.0° 


31.21 


820.0 


956.16 


1158.0 


s 




2. Defibrinated 

blood 


f A 

(A 


i.aj7 

1.CB7 


20.0° 
20.0= 


28.17 
49.61 


7S6.0 
320.0 


854A4 
652.80 


1254.0 
1285.0 


131.0 


1269.5 



TABLE X. 

Rana caltsiiana. 



Wdght about 90 gms, each. 


CapU- 
lary. 


Sp. gr. of 
normal 
blood. 


Sp. gr. of 

oxalated 
blood. 


Temp. 
C. 


Time in 

sees. 


Pressure, 
mm. Hg. 


Quantity. 
rag. 


Coefli- 

cienla. 


A 
A 


1,034 

1.0365 


1.0355 
1.0372 


21.0" 
Zl.O" 


3183 

32.43 


703.0 
686.0 


944.9 

913.05 


1321.4 
1284-3 



By adding slightly more of the potassium oxalate solution than is 
absolutely necessary to keep the blood fluid, the specific gravity can 
be reduced to normal again. This explains the insignificant increase 
in the specific gravity of the second frog, Table IX. 

The Viscosity op the Serum. 
As the quantity of serum collected from about lO c.c. of blood is 
small, only two or three determinations could be made, the tempera- 
ture being 20° C. Three frogs were used, weighing about one hun- 
dred and twenty grams each. 
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TABLE XI. 

The Viscosity of the Blood-Serum. 



Exp. 


Capil- 
lary. 




Specific gravity 


Time, 


Pres- 
Hg.' 


Q«an- 

tily. 
mg, 

664.1 

314.58 


Coeffi- 
cients. 


niffer- 


Mean 

value. 




of 
■living' 
blooJ. 


of 
blood- 
serum. 


I 


A 

A 


200= 

2ao<> 


1.018 
1.048 


I.02S 
1.025 


1.S.9+ 
7.65 


703,0 
7QJ0 


1877.4 
1854.0 


(... 


18660 


11 


A 
A 

A 


zao° 

20,0° 
2.00° 


1.0+9 
1.0+9 
1.0+9 


1.0255 

1.02SS 
1.0255 


29.92 

17J5 
38.55 


756.0 
761.0 
749.0 


1272.3 
726.85 
1607 JS 


1777.0 
1720.0 
1759.0 


57.0 


17+S.O 


III 


A 

A 


20.0° 
20.0° 


1.0+05 
1.0+05 


1.0245 

1.0245 


7.8 
13.43 


870.0 

87ao 


377.9 
656.76 


1761.5 

1778.0 


5 16.5 


1769.0 



It can be seen very readily that after the removal of the solid parts 
of the blood the viscosity undergoes only slight variations, as com- 
pared with the inner friction of the " living " blood. This proves 
again that the somewhat far-reaching differences in the coefficients 
of the normal blood are largely dependent upon its usual solid con- 
stituents, and in a lesser degree only upon the circulating nutritive 
elements. If it be taken into consideration that the serums used 
in these experiments are slightly heavier than those with which 
the previous determinations were obtained,^ the correspondence in 
the coefficients will be very evident. Thus, at 20° C. the blood serum 
of the frog shows the same viscosity as the serum of the dog. It is 
more than likely therefore that, when the temperature is changed, 
this agreement will be maintained. 

The Effect of Changes in Temperature. 

The experiments in this group were undertaken for the purpose of 

testing the question whether variations in the temperature of the frog's 

blood produce the changes in the viscosity observed in dog's blood 

under similar conditions. 



' Rubton-Opitz, R. : Archiv Tiir die geaa 



e Physiologic, 1900, Ix 



I, p. 471. 
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The specific gravity was determined at 5°, 20°, and 37° C. The in- 
tervening values were obtained by calculation. The assumption was 
made therefore that with every increase or decrease in the tempera- 
ture the specific gravity suffers a constant and entirely proportional 
change in its value. 

The details of the experiments as well as their results are compiled 
in Tables XII and XV. Tables XIV and XV represent two ex- 
■ periments with " normal " blood. In the latter cases the specific 
gravity of the "living" blood was determined first. The remaining 
quantity was then defibrinated. To this sample of blood the sedi- 
ment of the defibrinated blood of a second frog was added until 
repeated determinations showed that the specific gravity had again 
been raised to its normal value. The same result, as I have men- 
tioned previously, can be obtained by adding to freshly withdrawn 
blood slightly more of the potassium oxalate solution than is neces- 
sary to keep it fluid. The specific gravity was determined at 20° C. 

table xii. 

Dkfibrinated Rlooi). Efff.ct of Chanc.f.s in Temperature. 



Capil- 
lary. 


a 


1 


&-3 


Time 


Pres- 


"^""'i'^: 


Differ- 


Mean 
value. 


ill 



These rcsidts prove a close correspondence between the blood 
of the frog and that of the dog. When the temperature is altered, 
the viscosity is also changed, i.e., the higher the former the less the 
latter, and vice versa. Besides, the differences in the values of the 
coefficients produced by variations in the temperature appear to be 
constant and proportional for every degree Celsius. 
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TABLE XIII. 

DF.FinRINATED BLOOD. EFFECT OF CH, 



•* Temperature. 



Capil- 




\ 


it 

•S3 


Time 

in 
sees. 


Pres- 


mg. 


Coeffi. 
denU. 


Differ- 
ence. 


Mean 
value. 


ill 



TABLE XIV. 
"Normal" Blood. Effect of Changes in Temperature. 





> 


f. 
















i^rti 


Capil- 


-% 


so 


^11 


Ti.e 




Q«an. 

my. 


Coeffi- 


Differ- 


Mean 


rfi 




V- 




^f^ 




Hg. 
487.0 


405.0 


671.3 






ill 


A 


1.0391 


10.0° 


LWl 


3SJ6 


671.3 


) 










35.96 


480,0 


453.95 


817.4 


) 




> 167.1 


A 


1.0391 


15.0° 


1,0402? 








J 42.0 


838 4 










\ 


39.25 


475.0 




859.4 


) 




■21.1.4 










32.50 


593.0 


645.8 


lOW-S 


1 






A 


1.0391 


20.0= 


l,039tj 


24 26 

27.35 


5S2.0 
4910 


481.0 
620 5 


10621 
14380 


!'" 




389,2 


A 


1.0391 


300° 


L037 \ 












1443.0 










t 


31.20 


4920 


711.3 


1447.9 11 




1 178.1 


A 


1.0391 


37.0° 


L0355 


21.72 


3S8.0 


436.6 


1621.1 j .... 


1621.1 
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TABLE XV. 
,l" Blood. Effect of Chan 



* Temperatubb. 





i-o 


f 
















^hi 




-4% 


2 . 




Time 


:r- 


Quan- 








sf-: 


l.Jy 


^u 




















I 


^r 




Hg- 










m 








i 


33.62 


737.5 


744,0 


1219.1 


) 






B 


\mn 


20.0« 


1.0372 j 


30.08 
2431 


737.5 
727.0 


670.4 
6SS.04 


1227.7 
1S79.5 


E 8.6 
1 


1223.4 


372.1 


B 


1.0375 


30.0= 


1.034 J 


ihm 


726.5 


773.94 


■en.. 


f31.9 


1595.5 


[ 171.5 


B 


1.0375 


37.00 


1.033 


llli, 


705.0 


695.1 


1767.0 




1767.0 


J 



The less the viscosity, the greater are the differences for every de- 
gree Celsius. Thus, while in this case a rise or fall of 5° C. produces 
a corresponding change in the viscosity of about 200, this difference 
was only half as large in the dog. The reason seems to lie in the fact 
that the coefficients of the frog's blood must travel over a larger 
numerical field to reach the zero-value. 

At 20° C. the coefficients of the frog's blood range through about 
the same numerical field as those of the blood of the rabbit. If, 
however, the temperature is raised, the correspondence is rapidjy 
destroyed; the viscosity of the frog's blood suffers a decided de- 
crease. Although the coefficients of these experiments were obtained 
with defibrinated blood and blood raised to its normal specific gravity, 
the viscosity-values obtained may nevertheless be assumed to be the 
same as if " living " blood had been exposed to a temperature of 37° C. 
Even if the specific gravity and the viscosity of the defibrinated blood 
show a great decrease as compared with the " living " blood, the 
coefficients still hold good for blood which under normal conditions 
possesses the specific gravity of the defibrinated blood used in these 
determinations. The average value of the viscosity of the blood of 
the dog, as derived from my previous experiments, was 925, and that 
of the rabbit was 1350. The preceding three determinations show 
that at 37° C. the blood of the frog possesses the value of about 17CX). 

The question now arises whether the viscosity suffers changes 
within the body when the frog Is exposed to different temperatures. 
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Naturally, the specific gravity must be taken as the only indication of 
possible variations in the viscosity. 

Having previously obtained the specific gravity in four frogs 
which had been kept in a temperature of 20° C, this value was again 
determined after they had remained for an hour in a room at 8~io° C. 
They were then kept at about 25° C. for an equally long time, after 
which the third determination was made. 

The following changes were obtained : 
TABLE XVI. 



The Specific Gravity \ 



L Tbmperatube is Altered. 



Experiments. 


Weight of frogs. 


Specific gravity. 


=-&'"'"■ 


Specific gravity. 


1 
2 
3 

4 


110 
90 
120 

25 


1.0405 
1046 
1.044 

l.Ml 


1.0113 
1.0468 
1.046 
1.0417 


1.040 
1.04S7 
1.0425 
1.0405 



The Viscosity of the Blood of the Tortoise. 

Having failed more or less completely in determining the viscosity 

of the "living" blood, the present series embodies only three 

experiments with defibrinated blood. In the last experiment, the 



TABLE XVn. 



Defibrinat 


D Blc 


OD OF Tortoise. Effect of 


Changes in Temperature. 


Capil- 
lary. 




1' 




Time 
sees. 


Prea- 

mm. 

Hg. 


mg- 


CoefE. 
cienls. 


Differ- 
ence. 


Mean 
value. 


III 
III 


A 
A 
A 


1.034.1 

1.0345 
1.034S 


1S.0« 
20.0= 
30.00 


1.029Z! 
1.0287 \ 
1.0272 \ 


21.08 
19-60 

15.02 
16.36 
17.02 
17.30 


797.0 
795.0 
715.0 
714.0 
708.0 
7030 


725.0 
684.6 
54a37 
597.S 
740.24 

77a4 


1359,0 
13835 
1608.2 
1611.1 
1937.9 
19843 


1- 
1- 


1371.2 
1609-7 

1961.1 


238.5 
351.4 
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defibrinated blood was raised to the specific gravity of the " living " 
blood by the addition of a certain amount of the corpuscular sediment 
in the manner described previously. 



TABLE XVIII. 
F Tortoise. Effect of 



•* Temperature. 



Capil- 
lary. 


P 


1 
1 




Tj.. 


Pres- 
Hg.' 


Qu>n. 


Coeffi. 


Differ, 
ence. 


Mean 
value. 










( 


16.78= 


7920 


425.6 


998.6 


i 






A 


1.0445 


15.0" 


1.0392 J 


13.66" 


790.0 


357.77 


1033.8 
1209.9 


j... 


1016.2 


203.4 


A 


i.tm.'i 


2ao" 


1.0385 J 


20.9SO 


780.0 
785.0 


M3.8 


1229.3 
1390.6 


j... 


1219.6 


199.4 


A 


l-OMS 


Z5.0O 


1.038 \ 


19.80= 


7SS.0 


720.7 


1447.5 


i56.9 


1419.0 


J 370,8 


A 


1.0H5 


37.00 


1.0345 


18.50= 


755 


7965 


17S9.S 




17b'9.8 


s 



TABLE XIX. 
" NoKMAL " Blood of Tortoise. Effect of 



J Temperature. 



Capil. 




1 


Hi 


Time 


Pres- 


Quan- 
tity. 

mg. 


Coeffi. Differ- 


Mean 


III 


U^. 


H 


sees. 


Ilg- 


cienls. ence. 


value. 


|IJ 








i. 


32.90 


540.0 


619.95 


1091.4 1 ) 






A 


1.0358 


15.0= 


1.0361 j 


37.40 

25.20 


540.0 
829.0 


6S6.0 
897.0 


106Z.S i 
1342,5 1 ) 


1076,9 


275,5 


A 


1.0358 


20.0= 


1.0355 ) 


28.20 
26.06 


799.0 
577.0 


980.9 
727.3 


13623 1 S 
1515,7 J 


1352.4 


■IS6.7 


A 


1.0358 


25.0= 


1-034 \ 


22.80 


577.0 
722.0 


655.9 

634-2 


1562.5 1 ) 
1869.0 ' 1 


1539.1 


■345.4 


A 


1.035S 


37.0° 


1.0325 } 


20.60 


722.0 


9006 


f31,3 
19003 |) 


I8S4.5 
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I used Clemmys insculpta, so common in the rivers of New Eng- 
land. The blood was withdrawn from the art. carotidea and the 
viscosity-determinations were made shortly after the defibrination. 

Having found such a low specific gravity and a correspondingly 
slight viscosity in the first experiment, the other two tortoises were 
given some food two days before the determinations. The assump- 
tion that in this instance the somewhat unusual result was largely 
dependent upon a low state of nutrition is suggested by the viscosity- 
coefficients of the blood-serum. 

TABLE XX. 

ViSCOSCTY OF BLOOD-HKRUM I 



Capil- 
lary. 


Tern- 


Spec, eravily. 


Time 


Pres- 


Quan- 
lity. 
mg. 


Coeffi- 
cients. 


Dif- 

fer- 


Mean 

value. 


" Living " 
blood. 


Serum. 


A 
A 


20,0° 
20.0° 


L034S 
L034S 


1.017 
1.017 


28.05 
35.18 


395.0 
400.0 


866.9 

1127J 


2193.0 

23526 


>59.6 


2523.0 



The results of the last two experiments coincide very closely with 
those obtained with the defibrinated blood of the frog. Although the 
viscosity of the blood of the tortoise, when determined at 20° C., 
shows about the same value as that of the rabbit at 37° C, this rela- 
tionship is destroyed by exposing the former to higher temperatures. 
Thus, at 37° C. the coefficients of the blood of the tortoise are very 
much larger than those of the rabbit's blood, the relationship being 
about rSoo to 1350. 

Summary. 

1. The average viscosity-coefficient of frog's blood at a normal 
temperature of 20° C- is 1300; that of tortoise blood at 20° C. is 
1285. The coefficient of rabbit's blood at a normal temperature of 

if c. is 1350. 

2. The viscosity of frog and tortoise blood varies inversely as the 
temperature. The coefficient changes about 200 for every change of 
5° in the temperature. The coefficient of frog's blood at 37° C. is 
1700; that of tortoise blood at 37° C. is 1800. 

3. The average viscosity of blood-serum at 20° C. is jSoo, 

4. The viscosity-coefficients of normal living blood range through 
a large numerical field, while the variation in the viscosity of serum 
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is small. The changes in viscosity are therefore largely dependent 
upon the normal solid elements of the blood and only in a less 
degree upon the constituents of the plasma. 

5. The specific gravity of frog's blood is altered by changes in the 
temperature in which the frog is placed. 

6. The specific gravity of frog's blood is increased by potassium 
oxalate, curare, and deep etherization, and diminished by defibrination. 
As similar changes are observed in the viscosity, considerable varia- 
tions in the specific gravity may be taken as an index of variations in 
the viscosity. 
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THE OSMOTIC PROPERTIES OF COLLOIDAL 
SOLUTIONS. 

By benjamin MOORE and WILLIAM H. PARKER. 

THE physical properties of colloidal solutions have recently fur- 
nished the object of much investigation, for the subject is one 
which presents problems of peculiar interest to both the physical 
chemist and the physiologist. To the physical chemist, because colloids 
yield a type of solution differing in many respects from both dissociated 
and non-dissociated solutions of crystalloids, the properties and nature 
of which are still unknown or at most may be said to be in the region 
of speculation. To the physiologist this subject is also full of interest 
and importance because most of the solutions occurring in the body 
are colloidal in character, and until our knowledge of the properties 
of these has been increased we can have little hope of progress in 
the study of the chemistry and physics of the cell. 

The chief characteristic of colloidal solutions is the large size of the 
molecule in solution as compared with that of the crystalloid in solu- 
tion. The large molecule in solution may be due either to the com- 
plexity of the dissolved molecule itself as has always been assumed 
to be the case for proteid molecules, or to the aggregation of several 
simpler molecules, with dissolved soap molecules, as we shall see to 
be the case from the experiments which we record in this paper, and as 
is the case with all colloidal solutions of inorganic substances such 
as silicic acid or ferric hydrate. 

The weight of such an aggregate need bear no simple relationship 
to the chemical molecular weight of the dissolved substance since the 
aggregate may contain many chemical molecules combined in some 
physical fashion, and since we have as yet no experimental evidence 
that all the aggregates in a solution are of equal size, probable as 
such an hypothesis may appear. It is hence convenient to have some 
name for such a colloidal aggregation in solution, and since it may 
consist of as many as twenty to thirty or even more chemical mole- 
cules united together, it has seemed to us better not to term it a 
molecule at all and hence in what follows we shall usually refer to it 
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as the solution aggregate. It is upon the size and weight of this 
solution aggregate that the physical properties of a colloidal solution 
depend and not directly upon those of the molecular weight of the 
dissolved substance in the usual chemical sense. 

It is obvious that the degree of aggregation of the same sub- 
stance may vary with many physical circumstances, such as the 
temperature, chemical reaction, presence or absence of crystalloids 
in varying quantity, and mode of formation of the colloidal solution, 
so that although the size of the solution aggregate is always large it 
may vary within wide limits, and hence there are many grades of 
colloidal solution. 

There is, in fact, no hard and fast line separating colloidal solutions 
from mono-molecular non-dissociated solutions. Even the original 
distinction, giving rise to the terms crystalloid and colloid is obscured 
by many exceptions, for in the solid state many typical colloids such 
as hsemoglobin, several vegetable, and some animal proteids, occur 
in distinctly crystalline form, and there are numberless examples of 
amorphous and gum-like bodies in the solid form which yet yield 
solutions of typically crystalloid character. 

Nor does the complexity of the f/wwzVa/ molecule of a given sub- 
stance attended by a high molecular weight, necessarily give rise to 
typical colloidal properties, for many substances of high molecular 
weight yield solutions, more especially with organic solvents, which 
possess typical crystalloidal characters, and on the other hand many 
substances of low molecular weight such as the soaps and certain 
inorganic substances yield typical colloidal solutions, by forming by 
physical union large solution aggregates. 

It is hence possible, as we shall see, that many substances, such as 
the proteids, which we have been in the habit of considering as hope- 
lessly complex in chemical nature, mainly from physical evidence of 
a high molecular weight, may owe their complexity chiefly to physical 
aggregation in solution. 

It is well to bear clearly in mind therefore that a large solution aggre- 
gate and its accompanying physical attributes need not necessarily 
indicate a corresponding molecular complexity in the chemical sense. 

It is also exceedingly difficult to draw in any practical way a dis- 
tinction between crystalloidal and colloidal solutions which shall not 
be absolutely arbitrary. 

The best one is probably that of Graham, that crystalloids diffuse 
through membranes while colloids do not so diffuse, but this is 



,y Google 



The Osmotic Properties of Colloidal Solutions. 263 

obviously a purely arbitrary line of division and merely involves the 
question of the comparative size of the molecules or aggregates in 
solution and the pores of the membrane used. For, as Traube • has 
shown, membranes can be constructed which refuse passage even to 
the ions of dissociated solutions. Further, even in the case of typical 
colloids, passage is given by certain membranes and refused by others, 
although there are not in either case openings which can be seen 
under the highest microscopic powers. Thus, the facts of nutrition 
prove that the capillaries in all regions of the body must be freely 
permeable to the proteids of the plasma, but parchment paper or a 
gelatine membrane is impermeable to those same proteids. Again, if 
the same membrane, say parchment paper, be chosen as the standard 
it will be found to be permeable to various forms of albumosc, dextrins, 
and certain gums which it is obviously unscientific to exclude from 
the colloid class, since they resemble the other members of that class 
in so many physical attributes, notably in giving on concentration 
viscid solutions which froth upon agitation. 

Thus it is obvious that there is no demarcation between crystal- 
loidal and colloidal solutions, but rather that the typical properties 
of the colloidal solution gradually develop /iiy(/a«« with the growth 
of the aggregate in solution. 

When the growth of the solution aggregate is traced towards the 
other extreme toward which it passes, viz., the emulsion, it becomes 
apparent that here also there is no abrupt transition, but that by 
imperceptible degrees the solution aggregates at first interfere with 
the shorter wave-lengths of light giving bluish opalescent solutions 
as is seen typically in dilute solutions of glycogen or caseinogen, then 
become yellowish as in more concentrated solutions where the aggre- 
gation is greater, later dull white or opaque, and finally yield an 
emulsion with fine granules visible under the microscope.^ 

Accompanying the gradual growth of the solution aggregate there 
are certain changes in the physical properties of the solution which 
as they develop' clearly mark off the typical colloidal from the typical 
crystalloidal solutions. New characteristic phenomena appear, while 
certain of the most important properties of crystalloidal solutions 
fall within the limits of experimental error or entirely disappear. 

' Traube: Archiv fiir Anatomic und Pliysiologie, 1867, S. 87. 

' PiCTOM and Linder (Journal of the chemical society, London, 1892, Ixi, p. 
148 ; 1895, Ixvii, p. 63>have shown that several of these stages can be obtained 
with the same chemical substance, viz., arsenious sulphide. 
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Thus colloidal solutions are viscid, the viscidity increasing with 
the concentration until gums are obtained; hence they form tena- 
cious films, froth on agitation, and conserve emulsions. Further, 
they separate on supersaturation, by alteration of the physical con- 
ditions of their solution, into two phases the properties of which have 
recently been investigated by Hardy,^ "Aho sees in such separation 
into two systems, one rich and one poor in colloids, a probable physi- 
cal explanation of the mode of production of the histological structure 
of protoplasm, one phase forming the reticulum and the other the 
hyaline spaces. Under certain conditions, which will be referred to 
later, the separation occurs in granular form, while in other cases 
gelatin ization takes place. These are some of the new properties 
which colloidal solutions acquire by the growth of the solution aggre- 
gate, but at the same time other properties, namely those connected 
with the osmotic pressure, such as lowering of freezing point and 
vapour pressure, become so depressed as to fall within the limits of 
experimental error. It is, indeed, obvious, since these vary inversely 
in value as the molecular weight in solution, that they must be 
depreciated proportionately to the degree of aggregation ; but it 
becomes an important question whether they are merely so depressed 
or entirely disappear when the solution aggregate attains a certain 
size, and it is to this question which is one of the most important 
concerned in our experiments that we must now turn. 

The question at issue is whether a " solution aggregate " consisting 
of many chemical molecules, in physical combination, behaves like a 
molecule of a crystalloid solution, and exerts osmotic pressure or is 
perfectly inert, as it were merely in suspension, with none of the 
properties of matter in solution. It is to be expected that even if 
the " solution aggregate " does behave like a dissolved molecule, the 
observed osmotic pressure will be small, for the pressure is propor- 
tional merely to the number of molecules in unit volume, or to what 
is termed the " molecular concentration," and is independent of the 
weight of the molecule, and in the case of a colloidal solution hence 
vyould probably be independent of the size of the solution aggregate. 
Accordingly the indirect methods of observing osmotic pressure 
which depend upon small variations, such as lowering of freezing 
point and raising of boiling point, have, as might have been expected, 
in the hands of most observers given results which they agree to stale 

' Hardy; Journal of physical chemistry, 1900, iv, p. 254; Journal of pliysi- 
ology, 1899, xxiv, p. [58. 
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as falling within the experimental errors of the method. On the other 
hand, direct estimations of osmotic pressure have given readings 
which have been interpreted by the observers as showing an osmotic 
pressure due to the dissolved colloid, but there has been in the 
minds of others, a great difficulty in accepting these results on 
account of the question of associated crystalloids. We have attempted 
to perform some work towards the solution of this problem, to which 
we shall revert after stating some of the results obtained by other 
workers. Sebanejew^ found the lowering of freezing point by col- 
loidal silicic acid within the limits of experimental error, and in the 
case of egg-albumin found with a percentage of 15.6 a depression 
of 0.02° C, and with a 30.35 per cent solution, a depression of 
0.042 C, but the inorganic constituents present were more than 
sufficient to account for these depressions. 

Tamman ' estimated the difference in lowering of the freezing 
point of the serum of the horse before and after coagulating the 
proteids by heat and removing them, and found that the difference 
amounted to only 0.006° C, a figure which again lies within the 
limit of experimental error of the method. 

Ludeking" found that even 40 per cent of gelatine in solution did 
not perceptibly alter the boiling point from 100° C. 

Picton and Linder,^ in a measurement by a copper ferrocyanide 
cell of the osmotic pressure of a 4 per cent solution of colloidal 
arsenious sulphide, obtained a pressure of only 17 mm. of water, 
which would be given by an unweighable trace of crystalloid in 
solution. 

Dreser' and Koeppe^ both found that removal of the proteid from 
albuminous fluids had no effect upon the osmotic pressure. 

Krafft and Wiglow" found that three parts of gelatine dissolved in 
thirty parts of water yielded a solution which had exactly the same 
boiling point as the water used. 

' SKitANEJEW: Berichte der deulschen cliemisclien Gesellschaft, 1890, xxiii, p. 
87; 1891, xxiv, p. 5S8. 

" Tamman : Zeitschrift fiir pliysikalische Chemie, 1896, xx, p. 180. 

* LUDEKIN-G : Annalen der Physik und Chemie, 1888, xxxv, p. 552. 

* I'iCTON and LiNDF.K ; Journal of the chemical .society,'London, l39S,1xvii, p. 63. 

* Dkkskk ; Archiv fiir experimcnlelle Pathologic und Pharmakologie, 1892, xxix, 
P- 3 '4. 

' KoRi'i'E : Areiiiv fiir die gesammte Physiologic, 1896, Ixii, p. 571. 
' Kkakpt F. und H. Wioi.ow: Berichte der deutschen chemischen Gesell- 
schaft, [895, ii, p. 2566. 
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In the case of sodium and potassium soaps, Kraift^ and his co- 
workers found different results, according to the concentration of 
the soap solutions employed. In the case of dilute solutions con- 
taining one per cent and under, very variable results were obtained 
in the boiling-point readings under apparently identical conditions, 
and the authors were unable to assign any reasons for the contra- 
dictory results. Thus, in some cases, with these dilute solutions 
a result was obtained indicating an apparent molecular weight 
in solution less than the chemically deduced mono-molecular weight, 
and hence pointing to dissociation, and in other cases to a solu- 
tion molecular weight much higher than that of the mono-mole- 
cule and pointing to association. For example, in one experiment a 
solution of neutral sodium stearate in water containing 1.24 per cent 
gave a rise in boiling point (0.04° C.) which led to a molecular weight 
of 162, the chemical molecular weight of sodium stearate being 306. 
while another similar experiment with a solution containing 0.64 per 
cent, which ought, one would expect, to be more dissociated, led to 
a molecular weight of 372.^ Similarly in the case of sodium oleate 
(mol. wt. = 304) in two solutions of almost equal strength it was found 
that while one solution containing 0.99 per cent led to a molecular 
weight of 177, another solution containing 0.91 per cent led to a 
molecular weight of 366, both solutions being quite clear from any 
cloudiness. Obviously no reliance can be placed upon such variable 
results as indicating either dissociation or aggregation. 

On the other hand, Krafft and his fellow- workers obtained con- 
cordant results in the case of strong solutions of these soaps, which 
showed that the apparent molecular weights enormously increased 
with the strength of solution, pointing here to the fact that at such 
concentrations the soaps pass into the colloidal condition. 

Thus a solution of sodium palmitate (mol. wt. = 278) containing 
3.14 per cent gave an apparent molecular weight in solution of 466; a 
solution containing 7.66 per cent, a solution molecular weight of 885, 
As the amount of soap in " solution " was increased up to values 
lying between 20 and 30 per cent, it was found that the boiling point 
actually fell back to that of pure water, showing, according to Kraflt, 

' F. Kkafft und A. STERN : Bericlite der deutschen cliemischen Gesellschaft, 
18^ ii, p. 1747; F. Krafft iind H. Wiglow, ibiil., 1S95, ii, pp. 2566, 2573; 
F. Krafft, ibiil., 1H96. ii, p. 1334; 1899, ii, pp. 1584, 1596, [608. 

* In a later paper (Berichte, 1898, ii, '$")-) Krakkt obtained with a 0.925 
per cenl solution of potassium stearate a rise of only 0.004, a result which gives 
a much greater apparent molecular weight than any given here. 
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that then the soap was present in typical colloidal solution and so did 
not affect the boiling point at all, this physical property disappearing 
when the solution became a typically colloidal one. That the soaps 
are really present as colloids in these concentrated solutions, is further 
evident, according to Krafft, from their increased viscosity and other 
accessions of the usual typical properties of colloids. 

For ease of contrast, we may state that our results on direct meas- 
urement of osmotic pressures in soap solutions lead us to agree with 
Krafit that soaps can behave as true colloids, but we disagree as to 
this being only true for concentrated solutions, for, even with half per 
cent solutions, at temperatures above 50 C, we have observed that all 
the typical properties of colloidal solutions, such as viscosity, froth- 
ing, and power of retaining emulsions in suspension, still persist; 
further, the soaps in such strengths do not pass through parchment 
paper, as they undoubtedly would do if they were present, either disso- 
ciated or in mono-moIccuIar solution ; and finally the osmotic pressures 
recorded are only from ^ to -^ of those required for mono-moleCular 
solutions. Also, although the pressures so recorded are small, yet tkey 
are perfectly definite, and hence from our experiments we do not con- 
clude that this group of allied physical properties really disappears, but 
merely that these properties become depressed so that all those giving 
small constants for measurement, such as lowering of freezing point 
and raising of boiling point, fall within the limit of experimental error, 
while the direct measurement of osmotic pressure, giving rise as it 
does to large readings, can still be made. 

This point is, of course, of fundamental importance as to the nature 
of colloidal solution, in deciding whether colloidal solution consists of 
matter in a condition entirety different from that of a crystalloidal 
solution or whether it can satisfactorily be explained by increased 
molecular aggregation. 

In regard to Krafft's experiments on dilute solutions, we regard 
the results as in great extent due to the smallness of the variations in 
temperature being measured, which also probably explains their great 
variability from one experiment to another. The objections to taking 
the results of our experiments on dilute solutions of soaps as indicative 
of molecular aggregation, will be discussed at a later stage. 

The osmotic pressures of proteids in blood serum has been directly 
measured by Starling,' who used for this purpose a gelatine mem- 

' Science progress, April, 1896; Journal of physiology, 1896, xix, p. 312; ibid., 
1S99, xxiv, p. 317; Schafeh's ttxlbook of physiology i, p. 307, el seq. 
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brane, and for outer fluid, a proteid-free fluid obtained by pressure 
filtration through a gelatinized Chamberland filter.' 

In his earlier paper this author found that the osmotic pressure of 
the serum proteids amounted to 30-40 mm. of mercury, and in his 
later one with a serum containing 7,5 per cent of proteid he obtained 
a pressure of 28 mm. of mercury or somewhat less than 4 mm. of 
mercury for each per cent of proteid. 

Starling also experimented with serum in which the percentage of 
proteid had been increased either by pressure filtration through a 
gelatine membrane or by immersion of dry gelatine in the serum, 
and found that the osmotic pressure obtained was directly propor- 
tional to the amount of proteid present. 

The question of whether the osmotic pressures observed are due to 
the proteids or to associated traces of crystalloids has been left 
undetermined by previous observers in the case of proteids. 

The determination of the osmotic properties of colloidal solution ia 
surrounded by great difficulties, and unlike the similar determinations 
in the case of crystalloidal solutions, it is only by the direct method 
of measurement that reliable results can be expected. In the case 
of the crystalloids the experimental difficulties in the preparation of 
membranes which shall be completely impermeable to the dissolved 
substance are enormous and hence the direct method can rarely be 
employed, but the indirect methods, viz., lowering of freezing point, 
and raising of boiling point, yield results from which the osmotic 
pressure can readily be calculated with a fair approach to accuracy. 
On the other hand the differences in freezing and boiling point, even 
with concentrated solutions of colloids are so infinitesimally small 
that no reliance can be placed upon these indirect methods for calcu- 
lating the osmotic pressures of such solutions. Further, it is impos- 
sible to prepare colloidal solutions uncontaminatcd by at least traces 
of associated crystalloids which, by virtue of their much lower mo- 
lecular weights in solution, affect the readings correspondingly more 
than the colloids, and it is impossible, because of the presence of the 
colloid, to determine the amount of such extraneous crystalloid mate- 
rial with sufficient accuracy to deduct the efl^ect due to its presence 
from the result. 

Since the direct method of determining the osmotic pressures of 
colloidal solutions appears then to be the only one at present avail- 
able, we may next turn to the discussion of that method and examine 
' .\[Aini.s ; JoiiiiKil iif pliysioliiyy. iS.jCi, \\, \<. 317. 
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the difBculties in the way of its application and the criteria which 
can be furnished as to whether the readings obtainable are really due 
to the dissolved colloid or to associated crystalloid. 

The desiderata in any membrane employed for direct measurement 
of osmotic pressure of colloids, are that it shall be perfectly per- 
meable ior the solvent, usually water, and also for any crystalloid 
which may be present in common solution with the colloid, while at the 
same time perfectly impermeable for the colloid. Under such condi- 
tions, no osmotic pressure is manifested by the crystalloid and the 
total osmotic pressure manifested is due to the colloid, and hence 
from the reading and a determination of the percentage of colloid 
present in the solution the weight of the solution aggregate of the 
colloid can readily be calculated. 

The question of the impermeability of the membrane for the dis- 
solved colloid is one which is easily settled by allowing osmosis to go 
on for a prolonged period, and then testing for traces of the colloid in 
the outer fluid. Membranes are easily obtainable which satisfy this 
condition, for as a rule colloids in solution do not penetrate mem- 
branes consisting of insoluble colloid. Such a colloid is ordinary 
parchment paper which we have chiefly used as a membrane, and 
after days of osmosis we have never found a trace of proteid in the 
outer fluid by the most delicate known tests even after concentration 
of the outer fluid to a small bulk. Further, after allowing for dilution 
due to osmosis, the same amount of colloid has been reobtained 
within the osmometer as at the commencement of the experiment. 

It is much more difficult to obtain satisfactory evidence that the 
condition of perfect permeability for crystalloids simultaneously pres- 
ent in solution is being satisfied in any given experiment, and it is this 
fact which has caused many observers to look with distrust upon fig- 
ures obtained by the direct method for the osmotic pressure of colloids. 

Different crystalloids possess very dissimilar velocities of diffusion, 
and hence while some dilfuse with such readiness as to assure the 
observer that they have no effect upon the result obtained, others 
diffuse so exceedingly slowly, if indeed they pass through the colloidal 
wall at all, that it is impossible to get rid of them by the most pro- 
longed dialysis which is practicable, and hence other means must be 
sought to determine whether the osmotic pressure observed is 
due to their presence acting alone qua crystalloids, or whether they 
are integral parts of the colloidal aggregate and hence that the 
pressure is due to that aggregate. 
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The first method which suggests itself of getting rid of the disturb- 
ing effects of crystalloids is that of obtaining an outer fluid as solvent 
which shall contain exactly the same crystalloids in identical concen- 
tration, and thus exactly balance the pressure of the crystalloids upon 
the two sides of the membrane so that only the unbalanced pressure 
of the colloids upon the inner side becomes apparent in the manometer. 

Unfortunately this method fails when an attempt is made to apply 
it. Two procedures suggest themselves as to the preparation of such 
solutions, isotonic as regards their dissolved crystalloids. One is to 
destroy the colloid in solution, either by coagulation and filtration, or 
by incineration and dilution of the ash to the original volume by dis- 
tilled water, and to use this as an outer fluid. But such processes are 
rendered futile, first, by the fact that in coagulation those very crystal- 
loids which diffuse slowly, such as the calcium salts, are thrown out 
of solution with the coagulum of colloid either mechanically or in 
loose chemical combination, so that there remains behind merely a 
hypotonic solution containing those readily diffusible salts which 
only temporarily interfere with the pressure even when distilled 
water is used as the outer fluid. Secondly, incineration alters the 
character of the salts, and hence the total osmotic pressure, and 
renders some constituents insoluble, while volatile salts and organic 
crystalloids are removed, so that the solution obtained is by no means 
isotonic in crystalloids with the original solution. 

The second method which has been followed in the attempt to ob- 
tain a fluid which is isotonic as regards crystalloids appears at first 
sight more feasible. It consists in filtering the colloidal solution 
under pressure through a colloidal membrane, such as gelatine sup- 
ported by a porous earthenware wall.^ 

It has been shown by experiment, however, that this method like- 
wise fails to yield a solution which is isotonic in crystalloids.^ 

The water and easily diffusible salts, such as chlorides and car- 
bonates, filter through with equal ease to the solvent, so that the 
concentration of these salts in solution remains unaltered in the fil- 
trate, but a number of the other crystalloids, which are just those that 
constitute the difficulty of the case, pass through much more slowly 
than the water, so that these are more dilute in the filtrate, which is 
accordingly hypotonic in total crystalloids. 

' Martin: Journal of physiology, 1S96. xx, p. 364; SiARLI.vc, ibid., 1899, 
xxiv, p. sr?. 

* Wevmoutii Reid: Journal of pliysiolofiy, 1901, xxvii, p. [61. 
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Such procedures do not accordingly help us in settling the question 
of whether colloids really possess an osmotic pressure in solution, or 
whether the pressures observed are due to the crystalloids. 

The importance of this question is further emphasized when it is 
found by experiment that even after the crystalloids have been re- 
moved as completely as possible by weeks of dialysis against distilled 
water, as in our experiments recorded below upon egg-albumin, there 
still remains enough ash in the proieid thrown out of such solutions by 
heat coagulation to account, when its theoretical osmotic pressure has 
been calculated, for the total pressure observed. This inorganic mat- 
ter remaining after prolonged dialysis is very closely attached to the 
proteid, all the more soluble salts such as chlorides, carbonates, and 
phosphates having been removed, as shown by chemical analysis of 
the fluid both inside and outside, and it is thrown out of solution 
whenever the proteid is precipitated. The oft-discussed question is 
here again involved, Is this inorganic matter an integral part of the 
proteid molecule ? 

We have attempted to obtain some positive evidence upon these 
points by altering the size of the solution aggregate of the colloid by 
the action of reagents which leave unaffected the amount of in- 
diffusible or feebly diffusible salts in solution. 

If, while the amount of colloid in solution remains unaltered, the 
size of the solution aggregate be broken down, the osmotic pressure 
recorded, if this be really due to colloid, ought to rise correspond- 
ingly, because the molecular concentration, i. e., the number of mole- 
cules per unit volume, and hence the osmotic pressure increases. On 
the other hand, if the pressure observed were due to crystalloids, 
then, since the amount of such crystalloid is not increased in the 
experiment, the pressure ought not to increase on account of the 
production of more colloidal aggregates of smaller size per unit 
volume, but rather to decrease as the inorganic matter is rendered 
freely diffusible in the process of breaking down of the larger 
aggregates. 

To test this point, the osmotic pressure of a sample of a sheep's 
serum was recorded in two experiments one after the other, and read- 
ings of 22 and 23 mm. of mercury respectively were obtained. The 
serum was then converted into alkali albumin by adding a sufficient 
quantity of ten per cent caustic soda solution to make a one per cent 
solution and boiling; the same percentage amount exactly of the 
caustic soda solution was next added to the outer fluid, and readings 
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of osmotic pressure were again recorded when values of 110 and 
105 mm. of mercury were obtained. In a second similar experiment 
. with a second quantity of serum, a reading of 98 mm. of mercury was 
recorded after alicalization. Such a result can, in our opinion, only 
arise from a splitting up of the solution aggregate of the coagulable 
proteid into smaller aggregates of approximately one-fifth the weight, 
for even had there been any error in the quantity of caustic soda 
added to inner or outer fluid, this salt is freely diffusible and would 
soon have equalized on the two sides. Also, since no other crystal- 
loid was added in the experiment, the result appears to us to show 
that the pressure readings obtained arc really due to the proteid in 
solution. 

Experimental Method, 

The osmometer. — The original form of Dutrochet osmometer pre- 
sents certain advantages over more recent forms which have induced us 
to use it in our experiments. In the first place, a very thin membrane 
can be used which increases the rapidity of working. Secondly, the 
convection currents set up on the two surfaces of the membrane cause 
a constant natural removal of the liquid wetting those surfaces, which, 
by hastening the establishment of osmotic equilibrium, dispenses with 
the necessity of employing artificial rockers or shakers. 

The chief disadvantage of the Dutrochet membrane in our pre- 
liminary experiments was the difliculty of insuring, for quantitative 
work, that there was no leakage around the attachments of the mem- 
brane to the rest of the instrument. It is very disappointing in using 
.the usual methods of attachment to find at the end of an experiment 
which may have lasted for two or three days that some minute leak- 
age, in«pite of all initial care, has vitiated the result, as shown by the 
presence of colloid in the outer fluid. 

After much experimentation upon methods of securing an efficient 
attachment, we determined to abandon the use of a glass receiver 
altogether, and constructed one of metal, in which the leakage diffi- 
culty was entirely overcome by screwing the membrane up against a 
rubber ring between two metal flanges. 

This instrument we have found to work perfectly, and it possesses the 
great advantage that an experiment can be started in a few minutes, 
while there is absolute security against leakage, for we have never 
detected a trace of colloid in the outer fluid, even after days of stand- 
ing. All chemical action of the solution upon the metal is excluded 
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by thickly plating the brass body with silver, and finally upon the 
inner surface with gold. 

The design of the instrument is shown in section in the accompany- 
ing figure. It consists of a hemispherical receiver, which has a tubular 
continuation at its upper pole for connection with the manometer, and 
a broad flange around its circumference, which has a narrow circular 
groove, let into its under surface. In this groove lies a somewhat 
thicker rubber band, against the under surface of which the membrane 
is tightly pressed. The pressure is equally applied by means of four 
screws (two of which are shown in the section) passing through four 
equidistant holes in the outer part of the flange of the receiver, and 
engaging in four similar but threaded holes in a heavy ring of metal of 
similar dimensions to the flange. In fitting up the instrument for an 
experiment, the membrane of parchment paper is cut to the outer 
diameter of the flange and the position 
of the screw holes marked with a pencil; 
openings opposite to the holes arc punched 
out, and the membrane is wetted and 
laid evenly over the rubber ring ; then the 
screws are inserted and screwed home, 
and the receiver is filled with the solution. 
Connection is next made with the man- 
ometer by means of a piece of barometer e";r used for experiments; 
tubing of thick wall and narrow bore. capacity 45 c.c. 
The barometer tubing is covered at its end by a piece of rubber 
tubing, which is allowed to project about half a centimetre over the 
end of the glass tubing. The size of glass tube is so chosen that 
when covered by the rubber tubing the end can be pushed by exert- 
ing pressure into the opening of the brass tubulure of the receiver; 
in this manner a tight and efficient joint is secured. The remaining 
filling of the connecting tube is easily attained by the degree of 
movement which is possible in the stretched membrane. This can 
easily be pressed up a little when the fingers are applied underneath ; 
a pipette filled with the solution is then applied to the open end of 
the tube, to which the solution within has been raised by the pressure 
of the fingers, and on this pressure being removed and the top of the 
pipette being simultaneously opened, the contents of the pipette run 
in as the membrane falls back beneath the pressure. 

In the earlier experiments in which in addition to obtaining the 
final maximum pressure, we desired, to observe the initial velocity of 
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diffusion through the membrane, we employed as manometer a long 
straight piece of barometer tubing behind which was placed a centi- 
metre scale. The pressures were recorded in centimetres of the solu- 
tion, and these were afterwards reduced to mercury pressures. In 
this way the volume diffusing was increased, and hence a more 
accurate record of velocity of diffusion was obtained. But in later 
experiments we found it quicker and more advantageous to use an 
ordinary Ludwig's mercurial manometer of rather narrow bore, the 
style of which recorded upon a smoked drum revolving at the rate of 
about one centimetre in two hours. By this method a tracing was 
obtained of the rate of rise of pressure. The velocity of rise is at 
first practically constant, producing an inclined straight line trac- 
ing, but later this becomes asymptotic to the base line, showing 
that the maximum pressure has been reached. 

The membrane. — The membrane we have used has been in most 
cases parchment paper. Such a membrane has the advantage of 
being prcparable in a few moments ; it is very constant in texture 
and thickness, so that the results of several experiments arc strictly 
comparable; it is absolutely impermeable to the colloids we have 
tested, under the conditions in which we have employed it, and 
hence must give true records of the osmotic pressure, and finally 
it is rapid in action. We have further tested the readings obtained 
when such a membrane is used under the conditions of our experi- 
ments by performing otherwise identical experiments with different 
pieces of membrane, and have found very close readings of final pres- 
sures and almost parallel figures for velocities of difTusion, 

A further advantage which such a membrane possesses over a gela- 
tine membrane is that it can be employed for determinations at high 
temperatures. This is of great importance in the case of colloids 
such as the soaps, which are only appreciably soluble in water at 
temperatures of 50° C. to 70° C. ; at these temperatures, gelatine 
membranes are of course useless on account of the high solubility of 
the gelatine. 

Experimental Results. 

The following tables give a summary of the results obtained with 
the various colloidal solutions with which we have experimented: 
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TABLE I. 

EXrERIMKNTS ON CoAdULASLE I'Ri 



Nature of inner and 
outer fluids. 


1 


1 

|i 

S.S 


ill 


li 


::alculated pressure 

for each per cent 

of pioleid. 

Calculated velocity 
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J^ote. — In Experiment i the pressure given is the maximum noted ; after this 
the pressure gradually dropped to zero. Hence, 4 mm. of mercury may 
be taken as the greatest error, due to a difference of i per cent in con- 
ceniralion of sodium chloride on the iivo sides. Since there was never 
anything greater than ^^ of this difference in the analysis of the inner and 
outer fluids for sodium chloride in the subsequent experiments, it may, 
we think, be taken that the disturbing influence of crystalloids in these 
later experiments was a negligible quantity. Thus, in Kxperiment 2 
analysis gave: Inner fluid, 0.0625 per cent; outer fluid, 0.0104 P" 
cent of sodium chloride. In Kxperiment 3: Inner fluid. 0.078 per 
cent; outer fluid, 0.02S per cent. In Experiment g, 0.7 per cent in 
both outer and inner fluids. In Experiment 12, 0.705 in inner and 
0.700 per cent in outer fluid^ 

The dialyzcd white of egg used in Experiments 5 and 6 was obtained by 
dialyzing in a sausage tube of parchment paper, 300 c.c. of the undiluted 
egg-white for nine days against running tap water, and then in frequently- 
changed distilled water through which air was bubbled as a stirrer for four 
days more. The precipitated globulin an<l membranes were then filtered 
off and the filtrate used for the experiments. An analysis of the ash con- 
tained in this dialyzed solution, after coagulating, drying, and incinerating 
gave the following results ; — 

Total ash = 0.0490 per cent; CaO — 0.0178 per cent; MgO = 0.0047 P" 
cent; SO, — 0.0227 per cent ; PiO^ 0.0034 ])er cent ; NaCI= 0.0026 per 
cent; KC1 = 0.0002 per cent. The greater part of the ash was thrown 
out on coagulating the proteid. The osmotic pressure given even by 
these small traces of crystalloids amounts to from 60-70 mm. of mercury 
approximately witliout allowing for any dissociation. It will be observed 
that nearly all the ash consisted of sulphate of phosphate of calcium and 
magnesium. 

The percentages of proteid given were obtained by causing heat coagulation in 
the presence of a trace of acetic acid, and weighing the coagulum dried 
to constant weight on a tarred filter paper. In all cases the determination 
of proteid was made in the filtered inner fluid after dialysis, but in no case 
was the precipitation of globulin in either serum or white of egg a con- 
siderable one. 
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TABLK 11. 

ExFXRIHENrS ON ALKALIZATIOK OF SERUM. 



Nature of inner aiid 
outer fluids. 


T»p„.,.„ 


Maximum 

inmm"'^ 
mercury. 


Percentage 
InnMAuid? 


Weight of 
solution aggre- 
gate calculated 
from osmotic 
pressure. 


1. Inner fluid iheep'a serum : 
outer fluid 0.75 per cenl 
saline 

2. Same as in No. 1 . . . . 

3- Inner fluid tlie same serum 
as in Noa. 1 and Z, alkalized 
by 1 per cent caustic sodaj 
outer fluid 1 per cent caustic 
soda, and 0.7S per cent saline 
in distilled water .... 

4. Same as No. 3 


IS" 
.8. 

IS- 
IS" 


■21 
_ 23 

110 
98 


6.6.': 

5.98 
S.98 


54,680 
5Z303 

9,834 
11,038 



Nott. — In these experiments no trace of either coagulable proteid or alkali 
albumin respectively were found at the end in the outer fluid. The 
smaller percentage of proteid in Experiments 3 and 4 is due to the neces- 
sary dilution with the caustic alkali. This change is of course discounted 
it) the calculation of the solution aggregate in the last column. 

TABLE lit. 
ExFBRiMENTS ON Soaps. 



Nature of inner 

and outer 

fluids. 


Temp. 


Maximum 
mercury. 


Percent- 

soi'dl 
"solved 


Solution 
aggregate. 


Approjci- 

aggregate 

lar weight. 


1. Half per cent sodium oleale 

against distilled water . . 

2. Three per cent sodium 
olealc against distilled water 

3. Half per cent sodium pal- 
milate against distilled 


55° 
40" 


14.4 
37.Z 

6.2 
6.S 


0.5 

3,0 

0.5 
0.5 


7.090 
15,674 

16,420 
15,861 


23:1 
51:1 

59:1 ■ 
52:1 


4. Half per cent sodium stea- 

rate against distilled waler . 


6tF 
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Note. — The soap solutions did not contain any obvious matter in suspension 
at the temperatures of the experiments. There were no traces of soaps 
in the outer fluids evaporated down to dryness in the cases of the paU 
mitates and stearates. But there was a slight trace of organic matter in 
the case of the oleates after about a week's continuous dialysis, not suffi- 
cient in amount to determine whether it was oleate or not. Practically 
the entire amount of each soap was recovered in the inner fluid on 
evaporating to dryness. 

TAHLE IV. 

EXPRRIMBNTS WITK PERITONEAL Mt^MRRANE. 



Expcnment 1. Sheep's serum against distilled water, wilh fresh peritoneal r 
brane of the 01 as dialyier. The pressure fell in twenty hours from 93 ci 
the serum to 8,6 cm. At no period was there a rise, atid the outer fluid al 
end of the experiment gave the proteid reactions. 



Experiment 4. Sheep serum against distilled water, sheep's peritoneal membrane 
previously extracted with ether and washed to remove proleid. Pressure fell 
from 4.1 cm. to zero in forty-two hours, and there was proleid present in the outer 
fluid. 



Nott. The fall was so slow in these experiments as to indicate that there was 
no artificial leak in the membrane, so that the experiments show that 
peritoneal membrane is permeable to proteid. 

Discussion of Results. 

The results given in these tables may be considered from two 
points of view ; first, in regard to the physical properties of colloids 
in solution, and, secondly, as to their bearing upon the passage of 
substances in solution through living membranes. The experiments 
on alkalization of serum, which show such a marked rise in osmotic 
pressure, seem to us to indicate that the pressures observed are really 
due, in all cases, to the dissolved proteids. 

Assuming this to be true, a striking result obtained is the variation 
in ".solution aggregation " of the dijTerent proteids and the ease with 
which this physical property of aggregating changes with the con- 
ditions of solution. Thus the "solution aggregate" in the case of 
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sheep's serum is four to five times as great, under similar conditions, 
as that of egg albumin. 

Further, the aggregation is practically doubled in the case of egg 
albumin by dialyzing off the salts, and this difference is not due to 
any osmotic pressure arising from differences in concentration of 
inorganic salts in the inside and outside fluids, for the percentages of 
sodium chloride in these was found by analysis to be practically iden- 
tical at the conclusion of the experiment in each case. Nor is the 
result due to precipitation of globulin, for, in the first place, the per- 
centage of globulin in egg white is many times too small to account 
for the difference, and, in the second place, the experiments were 
made in each case with filtered fluids, in which the percentage of 
proteid was afterwards determined, so that this source of error could 
not be introduced. 

This variation in the solution aggregate with the nature of the 
solvent is somewhat important, since it indicates that the molecular 
weight, in the chemical sense of ike word, cannot be obtained by such 
physical methods as determining the lowering of the freezing point or 
by osmotic pressure measurements. 

It is, however, on the degree of aggregation that the osmotic pres- 
sure and other physical properties of colloidal solutions depend, and 
hence, so far as the behavior of proteids in the cell and in building up 
protoplasm is concerned, this constant is probably of more value than 
the weights of the various constituent molecules which go to build up 
the solution aggregate. 

There is no experimental reason for believing that the chemical 
molecules constituting a "solution aggregate " need be identical in 
their chemical constitution, and difTerences in type in the various 
coagulable proteids might easily arise from the formation by means 
of different physical combinations of different " solution aggregates." 
The differences by which coagulable proteids are at present classified 
depend chiefly on differences in solubility, in water, and in salines 
of different strength and quality, or upon different temperatures of 
coagulation. 

These are physical points of difference such as might arise from the 
formation into large, and somewhat differently arranged, aggregates 
of simpler chemical molecules. Thus the proteid molecule may be 
made to appear complex and large, more from physical aggregation 
than from chemical complexity. The small percentage of such ele- 
ments as sulphur, iron, or calcium, present may also easily be ex- 
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plained on the supposition that these elements are present only in a 
small number of the chemical molecules which unite to form the 
solution aggregate. 

This view that in colloidal solutions we are dealing with the phys- 
ical properties of a " solution aggregate," that is to say, with an 
association of a considerable number of chemical molecules to form 
an "osmotic" molecule or unit, derives support not only from the 
variations in the apparent molecular weight of the same proteid in 
solution under varying conditions of the solvent, but also from the 
determinations of the osmotic pressures of soap solutions given above 
in Table III. 

In the case of proteids, the chemical molecular weight is unknown, 
and hence it is possible that variations in osmotic pressure might be 
due to chemical dissociation, but in the case of the soaps the chemical 
constitution is well and definitely known, and hence when the read- 
ings of osmotic pressure lead to a "molecular" weight in solution 
lying between twenty and sixty times the value of the chemical 
molecular weight, some such explanation as that given above of a 
" solution aggregate " presents itself with much greater force. 

.There are of course other explanations of the low osmotic pressures 
obtained with soap solutions which may be worth putting forward for 
discussion. In the first place, the low values are not due to partial 
permeability of the membrane to soap molecules, for even after days 
of dialysis no soap is found in the outer fluid. 

A second explanation which might be suggested is that the soap is 
not in solution but merely in suspension at the beginning of the ex- 
periment, or further it undergoes dissociation into acid soap or 
free fatty acid and alkali, and, the alkali freely diffusing through 
the parchment membrane, the amount of dissociation goes on in- 
creasing until finally nothing but insoluble free fatty acid is left 
inside.* 

It may be replied to this, in the first place, that the solutions at the 
temperature at which they were tested in the osmometer were quite 
clear from suspended particles and had merely the faint opalescence 
seen in most organic colloidal solutions, and that there were no 
particles visible under the microscope, so that the soaps must have 
been as truly in colloidal solution as the carbohydrate in a starch or 
glycogen solution or the proteid in a caseinogen solution. To say 

' Any marked dissociation into free fatty acid and alkali only occurs at 
dilutions greater tlian those employed by us. 
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that such 13 a suspension is merely begging the question at issue, 
since a true and definite osmotic pressure is shown by such solutions. 
Further, the solutions remained clear at the end of the experiment 
at a temperature equal to that of the experiment, showing that no 
separation by dialysis had taken place; the amount of carbonate 
present after incineration of the soap at the end of the experi- 
ment in the inner fluid corresponded closely to that demanded 
for a neutral soap, and finally there was no free alkali or alkaline 
carbonate in the outer fluid. 

If any separation by dissociation into insoluble free fatty acid or 
acid soap and free alkali or alkaline carbonate had occurred in our 
experiments the free alkali or carbonate would have diffused through 
the parchment membrane while the free fatty acid or insoluble acid 
soap would not have so passed through ; but, as above stated, we were 
not able to demonstrate any alkali in the outer fluid even after 
evaporating down to a small bulk. This pbint was still further tested 
by adding one per cent of free caustic soda, in each case, to a half 
per cent solution of sodium stearate inside and to distilled water 
outside, so that any possible dissociation should be depressed by the 
presence of excess of free alkali ; the result was as in the other cases, 
a small but definite osmotic pressure many times lower than that 
demanded by the chemical molecular weight. 

We are hence inclined to think that no appreciable dissociation 
occurred in the solutions used for our experiments, and we believe 
that the small pressures observed arose from aggregated groups of 
soap molecules in colloidal solution. 

Another view which might be put forward is that the soap was 
present in two phases and that the pressures observed are due to a 
small fraction of the soap which is dissolved in mono-molecular form 
in one phase, viz., that of soap dissolved in water, while the remainder 
of the soap is present in multi-molecular aggregates in which a solu- 
tion of water in soap exists, and that these multi-molecules do not 
affect the osmotic pressure because they behave as a solvent and 
hence lie inert in the interspaces of the weak solution of soap. 
According to this theory only a small fraction of the soap would really 
be dissolved in the water of the inner fluid, and hence the observed 
osmotic pressure would only be a correspondingly small fraction of 
that theoretically calculated. 

Against this view it may be argued that, in the first place, there 
is no obvious separation into two phases, and in the second place 
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it is extremely improbable that mono-inolecules of the soaps, on 
account of their small molecular weights, would not pass through the 
pores of such a free membrane as parchment paper. 

If such mono-molecules of soap did exist, it is more than probable 
that they would act as crystalloids, would pass freely through the 
membrane, and hence could give rise to no osmotic pressure. It is 
only by the aggregation of many molecules into such a solution 
aggregate as we have described above, that we are capable of con- 
ceiving the soaps acquiring the property of indifTusibiHty through 
such pores as exist in parchment paper and give passage to such 
large molecules as those of the albumoses and dextrines. 

In fact, in our earlier experiments we did not expect to find evidence 
of such aggregations nor that soap solutions would prove to be such 
perfect colloids as to completely fail to pass through parchment paper. 
We began with the intention of working out the comparative dififusi- 
bility of soaps in pure aqueous solution, and in solutions of bile salts 
respectively, when we were met at the outset by the experimental 
result that soaps in aqueous solution do not diffuse at all even through 
such a membrane as parchment paper, and hence turned aside to 
investigate their osmotic properties. 

The formation of such solution aggregates as we have been con- 
sidering above is also interesting in connection with the physical 
changes which go on in the cell causing the formation of protoplasm, 
and the deposition or solution of granules in the cell, since it indicates 
that purely physical aggregations may take as important a part in 
energy transformations in tlte cell as do chemical reactions in the 
narrotver sense of the word. Under the conditions existing in the 
cell, materials absorbed may be built into physical aggregations with 
those already present, and thenatureof such aggregation will vary with 
the nature of those already present in the cell, so that in different 
cells different types may arise and so give rise to different reactions, 
for the liability of the aggregate must vary with the nature of the 
aggregation, and decomposition of different types of aggregates must 
yield different dissociation substances. Again, absorption by the 
cell roust be favored by such a process of aggregation of absorbed 
products to those already existing in the rell. so that absorption may 
continue, on account of the absorbed substance being present no 
longer as such in the cell ; hence the concentration of a given substance 
inside the cell is kept under that outside in the lymph, and absorption 
continues. 
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When the number of molecules present in a solution aggregate 
reaches a certain limit, the aggregate begins to be visible by inter- 
fering with the light rays, and at a later stage is visible as a granule, 
so passing by gradation from the dissolved colloidal condition to 
the granular form. The granules then go on increasing in size by 
deposition of fresh aggregates from solution. In a similar manner 
the fibrils and reticular network of the protoplasm may possibly 
be formed. 

In strong solutions the continuous increase in size of the dissolved 
aggregations, when the conditions change, occurs more rapidly ; and 
just as in crystallizing from a crystalloid solution, rapid crystalliza- 
tion gives rise to a magma of small crystals, while slow cooling gives 
rise to a smaller number of larger crystals, so here in colloidal solu- 
tion more rapid formation in a strong solution gives rise to a large 
number of smaller aggregations, which finally unite continuously to 
one another to form an apparently homogeneous mass or hydrogel. 
Thus, slow formation results in granular deposition and rapid forma- 
tion gives origin to jellies or gels. In this respect the various col- 
loid solutions differ markedly, some possessing a tendency to form 
large aggregates, and so become precipitated out in particulate or 
granular form, while others have a tendency to form small aggregates 
in proportionately greater number, and so tend specially to form jellies 
or hydrogels. Analogous results arc seen in solutions of crystalloids 
from some of which large crystals are obtained with ease, while from 
others only micro-crystals can be formed under any conditions. 

When a solution from which small crystals have been rapidly 
formed is atlowed.to stand, as is well known, the larger crystals grow 
at the expense of the smaller ones, so that in the end very large 
crystals are obtained. An exactly parallel occurrence is seen in 
hydrogels, for these in many instances tend to become granular and 
particulate on standing, although subjected to the action of no re- 
agent. This is exceedingly well seen in the case of the soaps with 
which we have worked ; even a one per cent solution of sodium 
stearate made at boiling point will on cooling set into a jelly; 
a 2 per cent solution will form a stiff jelly which can be inverted 
and in which no granules are visible at first under the microscope, 
but on standing for twenty-four hours, a granular precipitate sinks 
to the bottom of the flask, leaving a thin, watery fluid which only 
contains a trace of stearate. Here the larger aggregations grow, as 
in the crystalloid, at the expense of the smaller, until granules visible 
to the eye arc finally formed. 
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Gelatinisatien is favored by strong solution and rapid cooling, while 
granulation is favored by weak solution and slow cooling} This is 
also seen when the degree of aggregation is increased by heat coagu- 
lation; when this occurs in strong solution the precipitate is more 
gelatinous, when in weak solution more granular. 

The change in the opposite direction towards less aggregation is 
also interesting; as is shown by our experiments on alkalization of 
serum, the solution aggregates become reduced in size to about one- 
fifth. Similar changes are seen in the case of the complex carbo- 
hydrates, by the action of acids or alkalies, and probably the digestive 
enzymes cause a similar separation. As a result of these inverse 
changes, the dissolved substance finally approaches or passes into the 
mo no- molecular or crystalloid type of solution, or may even become 
ionized. 

Bearing of Results on Lymph Formation and Glomerular 
Activity. 

In conclusion, we may briefly criticise the applications which have 
been made of the osmotic pressure of proteids to the processes of 
lymph absorption and glomerular activity. 

Starling,^ who has obtained in his measurements of osmotic pres- 
sure slightly higher results than those which we here record, viz., about 
4 mm. of mercury for each per cent of proteid, or 25 to 30 mm. for 
average serum, claims that this pressure has great importance in 
influencing lymph absorption and glomerular filtration. 

Starling's argument briefly is, that the walla of the capillary blood 
vessels act as a membrane which Is more or less impermeable to 
proteids. 

Thus the osmotic pressure of the proteid, though small compared 
to that of the crystalloids, becomes effective, and causes absorption of 
lymph by the capillaries. The degree of capillary permeability varies 
in different parts of the vascular system, according to Starling, being 
probably greatest in the liver and least in the limbs. This conclusion 
is drawn from the fact that in the resting limb no lymph can be ob- 

' A similar phenomenoD, probably also due to the formation of aggregates of 
varying size is seen in the solidification of colloidal solids, such as paraffin wax; 
here rapid coaling gives a translucent mass of small aggregates, homogeneous 
under the microscope, while slow cooling gives rise to a granular or sometimes 
crystalline mass of large aggregates. 

a L(«r. cit. 
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tained from the lymphatic trunks, and from the fact that Uvcr lymph 
is rich in proteid, showing that little proteid has been restrained in 
passage through the capillary walls. 

In opposition to this is the theory put forward by Heidenhain and 
recently supported by the work of Ascher and others, that lymph is a 
secretion formed in proportion to the wants and activity of the part, 
and governed by the condition of activity of the capillary cells. 

The amount of osmotic pressure due to proteids, tending to cause 
absorption of lymph by the vascular capillaries,' obviously depends 
upon two factors, viz., the difference in concentration in proteid 
between the fluid inside (blood plasma) and that outside (the iymph), 
and secondly upon the degree of permeability of the wall to proteid. 
If there be equality of concentration on the two sides there will be no 
osmotic pressure manifested, or if, on the other hand, there be perfect 
permeability there will be no osmotic pressure no matter how great 
the difference in concentration on the two sides. 

In considering whether the movements of lymph are influenced at 
all by the osmotic pressure due to proteid, we have hence to consider 
the difference in concentration in proteid of lymph and plasma, and 
the degree of permeability of the capillary wall, /r««mH^ that the 
total available pressure, in case the walls were perfectly impermeable 
to proteids, and proteids were completely absent in the lymph before 
it reaches the cells and present in full concentration in the blood- 
vessels, can possibly only amount to from 18 to 28 mm. of mercury. 

In considering the question as to whether there is any appreciable 
difference in concentration of proteid on the two surfaces of the wall 
of the capillary blood-vessel, we are at once met by the difficulty that 
it is impossible experimentally to catch the lymph and ascertain 
the concentration of proteid in it immediately after it has passed 
through the capillary wall, and before its percentage of proteid has 
become reduced by feeding the tissue cells. .We cannot even obtain 
it in the lymphatic capillaries after it has fed the tissue cells, but can 
only obtain it from the main lymphatic trunks after it has passed 
through a lymphatic gland, to the cells of which it doubtless yields 
further quantities of proteid. Apart entirely from ^ny partial imper- 
meability of the capillary wall to proteids, it is hence not to be won- 
dered at that lymph collected from a large lymphatic trunk contains 
a smaller percentage of proteid. than the blood plasma. It is easily 

' We are considering the capillary ivall.s here a.s physical membranes, apart 
from (heir vital properties. ' 
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seen that the percentage loss in the proteid of lymph may be very 
considerable from actual consumption in the passage through the 
tissues, when it is remembered howj/(?ic the lymph stream is, compared 
with that of the blood. It is from the lymph and not directly from 
the plasma that the tissues are supplied with proteid, hence there must 
always be a diminution in proteid of the lymph, and the percentage 
diminution will vary directly as the time of passage of the lymph 
through the tissues ; in other words, with a rapid flow of lymph from 
a pare its percentage of proteid will approach that of the plasma, 
while with a slow flow of lymph the amount of proteid taken out will 
increase, and the percentage of proteid may fall to one-half of that of 
the plasma, or even lower. This seems to us a much simpler expla- 
nation of the difference of percentage in proteids of lymph from 
different parts, and under varying conditions, from Che same part, than 
any hypothesis that the capillary wall in certain tissues has a greater 
impermeability to proteid than in other tissues, for there is no experi- 
mental evidence that there exists even partial impermeability of the 
capillary walls to proteid in any part of the body. 

The question at issue may be perhaps made clearer by referring to 
the feeding of the tissues with a simpler substance, viz., oxygen ; no 
one supposes that the capillary wall is partially impermeable to 
oxygen, because the percentage of oxygen in the tissues is lower than 
in the plasma, but rather that oxygen is being used up in the tissues. 
Similarly, proteid percentage in the tissue lymph is lower than in the 
plasma not because the capillary walls are impermeable to proteid, 
but because proteid is being continuously used up by the tissue cells. 

Hence the view that there is any such difference in concentration 
of proteid on the two sides of the thin capillary n-all as is indicated by the 
differences in proteid percentage shown by analyses of blood plasma 
on the one hand, and lymph taken from a main lymphatic trunk after 
it has fed the tissues on the other hand, must be erroneous; there 
can only be an infinitesimally small fraction of such a difference in 
concentration and accordingly not more than a small fraction of a 
millimetre of difference in osmotic pressure corresponding to the 
fraction which the thickness of the wall is of the whole distance in 
which the fall takes place. 

The view that a greater impermeability for proteids is shown in the 
case o£ the limbs by the experimental fact that there is no lymph 
flow from a limb at rest is also in our opinion quite a fallacious one. 
In the first place, the limb capillaries must be fairly permeable to 
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proteid, or else the ttssue cells would suffer from protcrd starvation, 
and certainly in luxus proteid consumption the percentage of proteid 
oxidized even in the resting muscles of the limbs must b^ a fairly 
high one. 

An easy explanation of the absence of a lymph flow in a resting 
limb and of the presence of a flow in an active limb, -can, it seems to 
us, be readily given without any invocation of impermeability or par- 
tial impermeability of the capillary vessel to proteids. 

There are two physical factors in operation in the transference of 
any dissolved substance from the blood plasma into the lymph of the * 
tissue spaces or viee versa, viz. : First, a translation of the fluid as a 
whole due to pressure filtration carrying the dissolved substance 
along with the solvent and at tfie same rate; and secondly, a process 
of diffusion, due to differences of concentration in different regions 
giving rise to different solution pressures, and hence a movement of 
dissolved matter tending towards equalization. 

The first of these two factors can only cause transference when 
tfiere is a lymph flow, but the second can operate when there is a 
difference of concentration of any given substance within and with- 
out, provided the -wall of the vessel is permeable to the substance, 
causing in this way a transference of dissolved substance without any 
accompanying transference of solvent, or even in opposition to any 
current of solvent, as for example in the carriage of carbon dioxide 
against the lymph stream from lymph to blood plasma. 

In the normal limb at rest the diffusion factor alone supplies suffi- 
cient lymph to feed the tissues with nutrient material and to carry 
away all waste products, but in the case of the active limb the first 
factor must be called in to aid in these processes, the modus operandi 
being probably an increased hydrostatic pressure in the capillaries 
causing increased filtration into the tissue spaces and hence an in- 
creased lymph flow. In an active limb this is further aided by a 
pumping action on the valved lymphatic vessels due to the contract- 
ing muscles causing variation in pressure, and so pumping on the 
lymph. 

There is thus no experimental evidence either that there exists any 
impermeability of the vascular capillaries to proteids or any sudden 
drop in concentration of proteid on the outer side of the wall, such as 
would produce an osmotic pressure tending towards lymph absorp- 
tion. We have in short no evidence that the capillary wall acts 
towards proteids otherwise than towards other dissolved substances, 
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or that the proteids of the plasma play any special part in either 
lymph production or absorption. 

It may also be pointed out that the manifestation of any sach 
impermeability of the capillary wall to proteid with its attendant 
osmotic pressure would not only interfere with the normal nutrition 
of the part by proteid, but would hinder the flow of lymph into the 
tissue spaces, and onward through the lymphatic vessels into the great 
veins. For any osmotic pressure which appeared .would diminish 
by its amount the driving power due to the capillary blood-pressure 
which as well as causing the filtration of the lymph through the 
capillary wall gives it that head of hydrostatic pressure which sends 
it on to the veins through the lymphatic system. 

To illustrate this statement let us make the hypothesis that the 
concentration of the lymph immediately outside the capillary wall in 
proteid is only half that of the plasma within, and further that the 
coefficient of permeability of the capillary wall for proteid is one half, 
so that one half of the theoretically possible osmotic pressure for a 
perfectly impermeable wall becomes manifested. Taking the aver- 
age figure of 24 mm. of mercury for the total osmotic pressure 
of the plasma against an otherwise isotonic non-proteid solution, 
this figure would have to be reduced by one half, i.e. to 12 mm. of 
mercury, on account of one half the amount of proteid being present 
outside, and again this would have to be reduced by one half or to 
6 mm. of mercury on account of the partial permeability of the capil- 
lary wall. Therefore, we would have as a result a pressure of 6 mm. 
of mercury opposing itself to the flow of lymph from the capillary 
into the tissue spaces. A balance would then be maintained with a 
slower flow of lymph, on account of the head of pressure causing fil- 
tration from the capillaries under capillary pressure being lessened 
by this amount; but there would be >io eurrcnt of lymph absorption 
from the tissue spaces due to this osmotic pressure, for the osmotic 
pressure never could exceed the pressure in the capillary vessels even 
in the case of the lowest percentage of proteid in lymph ever observed 
experimentally. In fact, even granting that the lymph contained 
no proteid, and that the capillary walls possessed perfect impermea- 
bility, the total osmotic pressure does not exceed that of the capil- 
lary pressure, and hence even under such widely impossible conditions, 
there could he no absorption of lymph by the capillaries due to osmotic 
pressure brought about by proteid. Therefore all that such a mani- 
festation of osmotic pressure could accomplish, did it exist, would be a 
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slightly variable slowing of the rate of lymph flow, but never an 
absorption of anything from the lymph spaces. 

As absorption of substances in solution from the lymph spaces 
undoubtedly does take place, and that with great rapidity, as shown 
by Starling in the case of methylene blue injected into the peritoneal 
cavity, such absorption must accordingly be due either to the second 
physical factor indicated previously in this paper, viz., diffusion in 
solution, or to secretory activity of the endothelial cells of the blood-> 
vessels. 

In the foregoing discussion of the subject we have treated it upon 
entirely physical lines, and on such a basis have, we believe, given a 
demonstration that osmotic pressure phenomena due to proteids 
have no effect, or at most an inappreciable one, upon lymph produc- 
tion, or lymph absorption by the blood capillaries ; but at the same 
time we would not have it thought from this that it is our view that 
physical processes, apart from vital activity, are alone concerned in 
the government of the nutrition of the tissues, by the rate of lymph 
flow and character of lymph supplied. 

The endothelial cell lining the capillary vessel is a living cell, and 
in our opinion possesses the properties of a living cell, and a power 
of modifying both in quantity and quality the substances passing 
through it, just as does a secreting cell. 

The vital properties of the endothelial cell are clearly shown by 
Lister's ■ early researches on the changes in reaction of the vessel 
wall, and corresponding change in the blood flow, on stimulation by 
irritants which excite but do not destroy the lining cells ; by Heiden- 
hain's ^ experiments on lymphagogues, especially those of the colloidal 
class, such as albumoses, which in small doses cause such a dispro- 
portionately large increase in lymph formation, and by Ascher's" 
recent researches on the relationship between physiological activity 
and lymph flow. 

These phenomena appear to us to find their most natural solution 
in the fact that although the lining cells of the capillary take on the 
form of a membrane, they stilt act as living cells, and possess a 
secreting action quantitatively, and to a lesser extent also qualita- 

' See The Huxlev Lecture to the Charing Cross Medical School, British medi- 
cal journal, 1900, ii, p. 971 ; Lancet, 1900, ii, p. 987. 

* Heidenhain: Archiv fiir die gesammte Physiologic, iSgr, xli, p. 239. 

■ ASCHER : Zeilschrift fur Biologie, 1897, xxxvi, p. 155; 1898, xxxvii, p. 26r; 
1900, xl. 180-333. 
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tivety, upon the solutions passing through thern. A siniilar view 
must in our opinion- be taken of the functions of the cells lining the 
serous cavities and governing in amount and kind the secretions 
which they contain, as also of the action of the epitheloid cells of 
the pulmonary alveoli and of the kidney glomeruli. For i^^glomeru- 
lar cell the case for secretion appears to us to be conclusively proven 
by the facts of urinary secretion under pressure, although Starling 
cites such experiments as proof that glomerular activity is due to 
filtration under pressure, because urinary secretion, according to this 
observer, stops when the pressure in the ureters is less than that in 
the blood-vessels of the glomerulus by an amount equal to the osmotic 
pressure of the proteids, which are present in the plasma, but not in 
the glomerular tJltratc. 

It appears to us, however, that the figures given by Starling in his 
experiments upon this point appeal strongly against the interpreta- 
tion which he places upon them. Starling found that when the 
secretion of urine ceased the pressure in the ureters was less than 
that in the carotid arteries by from 38 to 43 mm. of mercury. Now 
the pressures to be compared are not those in the carotid artery and 
ureter, but those on the two sides of the glomerular membrane, which 
is a point of considerable importance; for, although the urinary flow 
is stopped and hence there would be a statical equality of pressure 
n ureter, pelvis, and urinary tubules back to the glomerulus, this is 
not so with the vascular circulation, and hence there must be a con- 
siderable fall of pressure between the carotid and the fine vessels 
which constitute the glomerulus. Now, even supposing proteids alone 
are Jcept back by filtration at the glomerulus (which is supposing a 
great deal, since dextrose and certain other crystalloids of the plasma 
probably do not pass through this structure), there would have to be 
made a deduction of at least 24 mm. of mercury from the differences 
in pressure, on the assumption that the proteids are separated solely 
by pressure filtration. 

This would leave only 16 mm. of mercury for the fall in pressure 
between carotid artery and glomerular capillary, an amount which is 
in our opinion absurdly small, and which would not be sufficient to 
account for the fall in the arterioles leading to the vessel, not to 
mention forcing the blood along the fine vessels of the glomerulus 
itself. Even admitting that there can be considerable play in the 
distribution of the fall in pressure between renal artery and renal 
vein, by the relative degree of constriction of afferent and efferent 



,y Google 



Tlie Osmotic Properties of Colloidal Solutions. 291 

glomerular vessels, and in the vasa recta, it seems to us highly im- 
probable that any appreciable blood-flow through the glomeruli could 
occur when there was a difference of pressure between carotid artery 
and glomerular capillaries of only 16 mm. of mercury. The more 
probable explanation of the result appears to us to be that the dif- 
ference in pressure between ureter and carotid represented the fall 
in pressure between carotid arterial pressure and that in kidney capil- 
laries, and that secretion of urine ceased because of occlusion of the 
glomerular vessels, when the pressure became equal on the two sides. 

Further, the urine contains practically no dextrose and the plasma 
contains about 0.15 per cent of that substance, which represents an 
osmotic pressure amounting approximately to 200 mm. of mercury. 
Hence this substance cannot conceivably be separated by pressure 
filtration at the glomerulus, and we are driven either to the improbable 
conclusion that it is present in the glomerular filtrate and is reab- 
sorbed by the cells of the urinary tubule and restored again to the 
blood, or to what seems to us the more probable view, that the glom- 
erular epithelium secretes the fluid which passes through it, and hence 
is capable of modifying its constitution as do secreting cells in other 
parts of the body, in apparent opposition to the laws of osmosis as 
they are known for inert non-vitalized membrane, but in a fashion 
which we will be able to understand when the laws of vital energy as 
manifested by living cells cease to be an enigma. 

Useful and hopeful as is the application of physical laws to vital 
phenomena, it is well to remember that the cell carries on energy 
transformations in a fashion, and with external results, peculiar to 
itself, which indeed necessitate the use of the words vital and living, 
to designate the fact that matter in such condition is capable of giving 
rise to energy transformations not seen in non-vitalized matter. 

By the application of recent advances in our knowledge of the 
physical chemistry of solutions, and particularly of colloidal solu- 
tions, to the study of biological problems connected with the vitality 
of the cell, much will doubtless be learnt of the energy transforma- 
tions which run their course in the living cell, but we venture to 
predict that although such studies will clear up many vital phe- 
nomena, yet by the very act of doing so they will thereby expose to 
our knowledge the existence in living matter of the power of deveh 
oping a type of energy peculiar to itself and not found anywhere in 
non-vitalized matter. This "vital energy" of the future will bear 
much the same relationship to that of the past as our present ideas 
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regarding other forms of energy do to the old idea of the existence 
of " phlogiston." It will be robbed of much of its old mysticism, but 
still there will remain for it, as for the other forms of energy, the old, 
eternal, insoluble mystery of the nature of energy and the relationship 
of its various interchangeable forms to one another. 

Our view of the problem, as it stands before us at present, is that 
in the living cell there exists a type of energy which is never found 
outside the living cell, which is capable of being produced from the 
non-vital forms of energy supplied by the " food " taken in by the 
cell, and which by acting on the matter present can call forth those 
transformations which we speak of as cellular activity and secretion. 
In all such transformations and transferences of matter, the law of 
the conservation of energy is followed by the vital energy, which in 
this respect behaves exactly as any non-vital form. 

The study of the phenomena due to vital energy is the province of 
the biologist, and the recognition of this fact cannot, it seems to us 
have the effect of acting as a drag upon research, but rather as an 
increased stimulus to renewed effort. 



Conclusions. 

1. A definite osmotic pressure is exerted by colloids in solution, 
and it is shown that this pressure is not due to contamination by 
crystalloids. 

2. There must be corresponding variations in freezing point and 
boiling point; but these would be so small as to fall well within the 
limit of experimental error; hence the direct method is the only one 
available for determining the osmotic pressure of colloids. 

3. The osmotic pressure cannot be used for determining the 
molecular weight of colloids, since it gives in the case of substances 
of known molecular weight, such as the soaps, apparent molecular 
weights which are twenty to sixty times too large. 

4. The important physical constant so given determines the osmotic 
properties of the colloidal solution, and we have termed it the 
" solution aggregate," The solution aggregate arises from the 
physical union or association of a variable number of molecules to 
form a single osmotic unit. 

5. The weight of the solution aggregate varies with the conditions 
of solution. It is from four to five times as great for serum albumin 
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as for egg albumin. In the case of serum albumin it is reduced to 
approximately one-fifth its value by alkalization. 

6. Even dilute solutions of sodium soaps in distilled water form 
colloidal solutions, at temperatures of from 50° C. to 70° C. Such 
solutions do not diffuse through a membrane of parchment paper. 

7. Such dilute solutions of the sodium soaps yield hydrogels on 
cooling, which again yield solutions on heating. Such hydrogels 
become precipitated in granular form on standing. 

8. Rapid cooling and increased strength of solution tend to the 
formation of hydrogels, while slow cooling and weaker solution tend 
to granule formation. These phenomena have their analogues in the 
passage of crystalloids from solution, 

g. The differences in properties of the coagulable proteids may be 
due to different physical arrangements of chemical molecules to form 
different aggregates, and the complexity of the proteid molecule may 
be much more a physical than a chemical phenomenon. 

10. Protoplasm may be built up by a continuation of such a process 
of aggregation ; absorption of materials by the cell may be governed 
by the formation of varying aggregations with the protoplasm already 
built up in the cell, and similarly granule formation in the cell may be 
produced. 

1 1. The osmotic pressure of the proteids does not in all probability 
take any share in lymph production or absorption; for there is no 
evidence that the capillary walls are impermeable to proteid, or that 
there is any appreciable difference in concentration on the two sides 
of the capillary wall. 

12. The cells of the membranes in the glomerulus of the kidney 
probably act as secretory structures; for the differences in pressure 
are probably not sufficient to cause pressure filtration of a proteid- 
free filtrate, and are certainly many times too small to separate 
carbohydrate in this manner. 



oy Google 



„GoogIe 



„ Google 



„Google 



JUN 



"o; 



THE AMERICAN 

Journal of Physiology 



XDrrBD FOR 

C^e Slnterican )&l^fj{iologtcal ^ociet^ 

BV 

H. P. BOWDtTCH, M.D., BOSTon FREDERIC S. LEE, PbJ), NEW YORI 

R. H. CHrTTENDEN, PH.D, NEW HATEB JACQUES LOEB, MD, CHICAGO 

W. H. HOWELU M.D., BALTIMORE W. P. LOMBARD, M.D., Am ARBOR 

W. T. PORTER. M.D., BOSTOK 



Vol. VII.— No. III. 

luMdJmu 3, (903 



1 

-" BOSTON, U.S. A. 
GINN AND COMPANY 
1902 



D,a,;,z===i(...OOglC 



CONTENTS. 



The Formation of Film on Heated Milk. By Leo F. Rettger . . 325 

Experiments to Determine the Possible Admixture or Combina- 
tion OP Fat or Fattv Acid with various Proteid Products. 
By E. R. Postttr amd William J. Cies 331 

On the Composition and Chemical Properties of Ossboalbuuoid, 
with a Comparative Study of the Albumoid of Cartilage. 
By P. B. Hawk and William J. Gits 340 

Is Adrenalin the Active Principle of the Suprarenal Gland P 

By T. B. Aldrich 359 

Case of Voluntary Erection of the Human Hair akd Produc- 
tion OF Cutis Anserina. By S. S. Maxwtll 369 

On the Lvmphagogic Action of the Strawberry, and on Post- 
mortem Lymph Flow. By Lafayette B. Mendel and Donald R. 
Hooker 380 



The American Journal of Physiology is issued loonthiy. Each vol- 
ume will contain about five hundred pages. Ttie price of one volume sent 
post^e free to subscribers in the United States and Canada is five dollars. 
To subscribers in otlier countries, five dollars and twenty-five cents {£1 2*.; 
marks, 22; francs, 27), payable in advance. 



SutMcriptiooA, manuscript, and all other communications should be sent to 
Dr. W. T. Porter, 688 Boybton Street, Boston, Mass., U.S.A. 



Contributors will receive fifty copies of their papers free ; additional copies 
may be obtained at cost. 

The American Journal of Physiology is represtntedi 
In America, by GINN A COMPANY, g Tremont Place, Boston, Mass. 
In a«rman}' by R. PRIEDLANDBR A SOHN, Berlin, N. W., Caristrasse 11. 

Copyiight, 1901, by GiNH & CoHrANT. 

Printed by John WiUon and Son, il The UnlTerot]! Pren, Cambridge, Miss. 
RnlirtJ at Ui BastoH, Man.. Piijl-Offlce as lecond-dasi mail matter, Feb. 13, iqoi. 



„Goog[e 



Ill s 



THE FORMATION OF FILM ON HEATED MILK.^ 
By LEO F. RETTGER. 

(Ronrch Scholir of the Rockefeller Insiitute.) 
[From tht Sheffield Laboratory of Pkyshlogital Ch/mistry, Yale Uiirversily.} 

IN the course of a series of experiments on the liberation of volatile 
sulphide from milk on heating,' I had occasion to make a num- 
ber of observations upon the production of films on heated milk. 
Comparatively little attention has been directed to this subject. 
Hoppe-Seyler* early assumed that the fiini consisted of lactalbumin 
and caseinogen. Halliburton' states that it, is probably in part due 
to the coagulation of lactalbumin, which carries a little caseinogen 
and fat to the surface. The same idea is presented in Schaefer's 
text-book of physiology.* Harris,* on the other hand, claims that the 
" skin " is precipitated caseinogen. " But by adopting Ringer's view," 
he continues, " we may say the heat has caused a certain amount of 
the phosphates (calcic phosphate) to be precipitated, and that has 
united with the caseinogen to form a solid pellicle." In Hammar- 
sten's text-book of physiological chemistry the statement occurs that 
the film consists of coagulated caseinogen and lime salts.^ 

Recently Jamison and Hertz ^ published the results of some experi- 
mental observations made on the film or " skin " of warmed milk, and 
of other proteid solutions. They hold that the formation of film on 
milk depends upon the presence of globules of fat or similar emulsify- 
ing substances. The nature of the suspended matter (milk-fat, cedar 

' This research was carried on with the aid of an appropriation from the 
Rocltefeller Institute for Medical Research. 

* Rettger : This journal, 1902, vi, p. 450. 

' Hoppe-Seyler: Archiv fiir pathologische Anatomie und Physiologic (Vir- 
chow), 1859, xvii, p. 420. 

* Halliburton: Text-book of chemical physiology and pathology, 1S91, 
P- 583. 

' Schaeker : Text-book of physiology, 1898, i, p. 12C. 
' Harris : Journal of anatomy and physiology, 1895, xxix, p. 192. 
' Hammarsten : Text-book of physiological chemistry (translated by Mandel), 
1900, p. 386. 

' JamiSon and Hhhtz : Jnurnal of physiology, T903, xxvii, p. 26. 
3^5 
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oil, paraffine, etc.) forming the emulsion is, according to them, imma- 
terial. The kind of proteid in solution is likewise immaterial ; and 
finally, exposure of the milk to the influence of unsaturated air is 
essential. In other words, drying is a necessary condition in the 
formation of a film. 

Soon after the publication of the last named paper, there appeared 
a communication by W. A, Osborne' on caseinogen and its salts. 
This author, contrary to Jamison and Hertz, holds that a fat-free 
solution of calcium or magnesium caseinogenate develops a film on 
heating, and that therefore fat is not necessary in this process. He 
agrees, however, with the previous authors that the nature of the 
proteid matter is immaterial. "When solutions of magnesium or 
calcium caseinogenate are warmed, an emulsion of free caseinogen is 
produced by hydrolytic dissociation, which may be sufficient to 
cause the phenomenop in question." 

It is the purpose of this paper to discuss some of the conditions of 
film-formation, upon the basis of further experimental observation. 

The nature of the proteid matter which goes to make up the film 
is immaterial, as Jamison and Hertz have already shown. This state- 
ment, however, requires to be modified to a certain extent. For 
example, egg albumin solution was made to yield a film on heating, 
after the addition of a sufficient quantity of dilute lime-water to make 
the proteid solution (1 to 2 per cent) slightly alkaline, and lessen 
its tendency to coagulate when heated. On warming at about 85° C. 
a delicate film was formed. Below this temperature no " skin " was 
visible. Milk, on the other hand, begins to develop a film at a tem- 
perature as low as 40-45° C, The solutions of egg albumin were 
heated both with and without added portions of fat (cod-liver oil, 
etc.). A solution of calcium caseinogenate containing fat will also 
form a film much more readily than one of egg albumin. This differ- 
ence is evidently due to the nature of the proteids, the egg albumin 
being more deficient in the process of film formation than caseinogen. 

Not only will different proteids form a " skin" on heating, but the 
carbohydrate glycogen acts similarly.^ On heating an almost satu- 
rated aqueous solution of glycogen, at 80° C. for 40-45 minutes, a film 
became quite apparent, but redissolved on cooling. 

Numerous observations have indicated that fat facilitates film-forma- 

' Osborne, W. A. ; Journal of physiology, 1902, xxvii, p. 388. 
^ This fact was first observed by Chittenden, in his study of the glycogen in 
peilen irraiUans. American journal of science, T875, x, p. 26. 
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tion. Further, different kinds of fat will do this, especially rancid 
cod-liver oU. This behavior, therefore, is not peculiar to milk fat. 
That fat is essential, however, to the production of film' as Jamison 
and Hertz claim, ^ is not borne out by my observations. Fresh milk 
was extracted in the Taylor extraction apparatus ' with ether until 
free from fat (five or six days), as chemical and microscopic tests 
showed. The ether was removed by warming, and by a current of 
air. This fat-free milk developed a visible film on heating at 65° C. 
for thirty minutes. On the application of more heat, the film became 
easily apparent. It inclosed no fat, as was seen by staining with 
osmic acid, and microscopic examination. In water the film quickly 
sank to the bottom ; it also sank in the milk when the latter was 
agitated. 

A pure solution of calcium caseinogenate yielded a film on heating. 
The material was prepared by precipitating the caseinogen of fresh, 
skimmed milk with dilute acetic acid, filtering, redissolving the preci- 
pitate in a weak solution of sodium hydrate, and again precipitating 
with acetic acid. This purification was repeated eight or nine times, 
until the caseinogen was entirely free from fat. The final precipitate 
was dissolved in a small quantity of lime-water. On filtering, a solu- 
tion of calcium caseinogenate which was practically neutral, and 
entirely fat-free, was obtained. It contained two per cent of the 
proteid, and was strongly opalescent. On warming, it became 
opaque. With acids it was precipitated; also with rennin. In short, 
it had the typical properties of a pure solution of calcium caseinoge- 
nate. When this solution was warmed at 75° C. film formation 
became quite apparent within thirty minutes. The same solution 
diluted with an equal volume of water also gave a distinct film, while 
in weaker solutions, film formation was scarcely noticeable. 

My experience does not agree with the statement of Jamison and 
Hertz that exposure of the heated milk to the drying influence of air 
is necessary in the formation of a " skin." Film formation was quite 
apparent in vessels sealed air-tight and heated to 60° C. or above. 
These observations were made at different times, and under varying 
conditions. For example, self-sealing beer bottles of a capacity of 
400 c.c. were employed. At the outset, 100 c.c. of fresh milk were 
introduced into the bottle, and the latter stoppered (air-tight) and 
immersed in a heated water bath. The temperature of the bath and 

' Jamison and Hertz : Journal of physiology, [902, xxvii, p. 26. 
' This journal, 1899-1900, iii, p. 183. 
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the time within which a film became apparent, were recorded. In 
less than twenty minutes a distinct "skin " occurred at a temperature 
of about 98° C. This film was more or less wrinkled and tenacious, 
and in every way resembled ordinary milk film. To demonstrate 
whether the air space (300 c.c.) remaining in the sealed bottle might 
account for this " skin " production, varying quantities of milk were 
used. Similar results were obtained in every case. Even when the 
air space was less than 30 or 40 c.c. the film still developed. Fur- 
thermore, if the air in the bottle was replaced by hydrogen or carbon 
dioxide,' ani^ the bottle was sealed, a film of the usual appearance and 
texture was obtained. 

These facts make it quite evident that neither air nor drying is 
absolutely necessary for film formation. To substantiate these re- 
sults further, different quantities of milk were heated in stout glass 
cylinders of 25 c.c. capacity, which were firmly closed with rubber 
stoppers. A film was formed during sixty minutes of heating, at 
60° C. It was not very tenacious, although quite apparent. With 
increased temperature, the "skin" became more abundant. It en- 
closed considerable fat, and was characteristic in appearance, being 
very tenacious and slimy. 

It must be noted that surface evaporation is conducive to film 
formation, but it is not essential. Fresh milk begins to form a 
" skin " at 40° C. when exposed to the atmosphere. At 50-60° C. the 
film is developed in considerable quantity. It is insoluble in pure 
water, but soluble in lime-water. Above 60" C. the films were so 
changed as to be insoluble in lime-water. The high temperature had 
evidently coagulated the proteid in the film.' During the heating the 
bottles or cylinders were moved as little as possible, since agitation 
of the milk greatly lessens the tendency to distinct film formation. 

A third method employed was that of heating the milk in a flask 

1 Hoppe-Sevler had observed that film -formation took place when the air was 
removed by passing a continuous current of carlwn dioxide through the milk, during 
the healing, in an open vessel. Archiv fiir pathologische Anatomic und Physiol- 
ogic (Virchow), 1859, xvii, p. 420. 

" Tliese observations arc in accord with the view prtsenled in a previous paper 
(Rettger; This journal, 1903, vi, p. 450), Chat the formation of a film on milk 
is due to changes in the composition of tlie milk, r.ither than a purely physical 
change. The caseinogen being in combination with calcium in fresh milk, is not 
coagulated by heat until it has l)e^^n libtralcd as free caseinogen (accepting the 
view that the proleid in the film is free caseinogen), in which state it is coagulablc 
by heat, and therefore undergoi-s more or less change. 
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which was closed with a stopper possessing a small slit. On cooling, 
the slit was sealed with paraffine, so as to exclude the air. The same 
results were obtained as before. Milk which has been covered with 
parafRne fails to produce a film on heating. This seems to indicate 
that surface tension plays a very important part in the process. 

In composition, the ordinary film on milk is almost wholly proteid 
and fat. That the proteid is not lactalbumin, as a number of writers 
have claimed, is shown by the fact that film continues to be formed 
almost indefinitely after each removal of the " skin " already formed ; 
it yields a quantity, therefore, too large to consist of lactalbumin, as 
the percentage of the latter in milk is very small. That the proteid 
is probably caseinogen, is shown by several facts. First, when the 
film is formed at a temperature under 60° C. it is soluble in lime-water. 
This points to a formation of soluble calcium caseinogen ate. From 
this solution, the caseinogen is again precipitated by rennin. Second, 
a pure solution of calcium caseinogenate develops a film, with or with- 
out fat; the film is likewise insoluble in water, but soluble in dilute 
lime solution, except when coagulated. Lastly, the amount of caseino- 
gen in milk is comparatively large, and can readily account for the 
continued formation of new film after the removal of the old, 

The suggestion of Osborne^ that the proteid in the film is free 
caseinogen which has been separated from its combination with the 
calcium, by a process of hydrolytic dissociation, is very plausible. 
This view is especially supported by the fact that when a pure 
solution of calcium caseinogenate is warmed to 40° C. the solution 
becomes quite opaque. On cooling, the original opalescence is again 
acquired. After heating above the coagulating temperature, however, 
the increased turbidity becomes permanent. The turbidity is in all 
probability due to the separation of free caseinogen, which being 
insoluble in water, is suspended in the form of minute particles. In 
the production of the film, these particles are carried to the surface, 
and there coalesce to form the characteristic pellicle. The fat which 
is present naturally tends to carry these particles to the surface; but, 
as stated above, this process is not fundamentally dependent upon the 
agency of the fat. 

In conclusion, the following brief summary seems appropriate: — 

1. The formation of film on heated milk is dependent upon proteid 
in the milk. 

2. This proteid is caseinogen. 

' Osborne, W. A. : Journal of physiology, \<yai, xxvii, p. 388. 



3,Google 



330 Leo F. Rettger. 

3. The presence of fat facilitates film formation, but is not 
essential. 

4. While surface evaporation facilitates film production, it is not 
necessary. 

Again I am indebted to Prof. Lafayette B. Mendel for his assist- 
ance in the work upon which this paper is based. 
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EXPERIMENTS TO DETERMINE THE POSSIBLE AD- 
MIXTURE OR COMBINATION OF FAT OR FATTY 
ACID WITH VARIOUS PROTEID PRODUCTS.' 

Bv E. R. POSNER and WILLIAM J. GIES. 

[Fram the Uihoralory of Physielosiiitt Chrmislry ef CeUimbia Universily. al th. College 
of Physicians and Snrgcem, Nfw ror*.] 

IN one of the recent papers from this laboratory on the qualities 
of connective tissue mucoid, attention was drawn to the "lack 
of particular uniformity in percentage composition " of osseomucoid 
preparations. Since the analyzed products had been made with the 
greatest care, we were led to the deduction " that the mucin substance 
of bone varies in composition just as does the glucoproteid from other 
sources ... a conclusion not only in accord with our analytic results, 
but in harmony, also, with the deductions drawn under similar condi- 
tions, for other tissues and products, by various observers."* 

Later, and for the same reasons, we came to identical conclusions 
regarding tendomucoid.^ In discussing the suggestion of Chittenden 
and Gies,* that possibly " mucin obtainable from tendon is prone to 
carry with it a certain amount of some other form of proteid matter 
which the ordinary methods of purification are not wholly adequate to 
remove," we indicated that there is " no longer any reason to believe 
that proteid impurity is responsible for the observed variations." It 
was further stated, at that time, that " we know of no other substance 
in tendon which would resist the washing treatment and, by mechani- 
cal admixture or chemical combination, account for the orderly varia- 
tions observed in the analytic series." 

After the latter account of our experiments had gone to the printer,' 
Nerking's paper on " fat -proteid compounds " reached us. His results 

' PoSNER and GiES: Proceedings of the American Physiological Society, 
This journal, 1902, vi, p. xxix. 

' Hawk and Gies : This journal, igo[, v, p. 41 5. 
' CUTTKR and GiF.s: Ibid., vi, pp. 167 and 169. 

* Chettende.v and Gies; Journal of experimental medicine, 1896, i, p. 194. 
s Cutter and Gies : Loc. cit., p. 169 (foot-note). 
' 33' 
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and views made it seem possible that the variations noted in analytic 
results for mucoids as well as for other proteids, may have been due to 
combinations or intimate admixtures of the proteid substance with fat 
or fatty acid.' 

Recalling Dormeyer's* physical explanation for the retention of 
that portion of fat which can be removed from tissues only after their 
digestion, Nerking suggested that there is quite as much reason for 
concluding that such fat is chemically united in the tissue as that it is 
held mechanically, and, therefore, that it is removable with difficulty 
merely because of such intimate combination. Bogdanow's^ obser- 
vation, that the fat obtained in the later tissue extracts contains an 
increased proportion of free fatty acid, might seem to give strength to 
such a view, were it not for the probability that the increased amount 
of free fatty acid under such circumstances results by hydration of fat 
in the long-continued extraction process in boiling ether. 

That fatty or fatty acid radicles are conibinable with proteid is 
clearly evidenced in the example of the so-called lecithalburains,^ 
which do not yield their fatty radicles to ordinary extraction with 
ether, but can be broken up into fatty and non-fatty matter by appro- 
priate methods. 

Obtaining results which seemed to point to the conclusion that blood 
serum contains combined fat, non-extractable with ether until after 
digestion in pepsin-hydrochloric acid, Nerking, at Pfliiger's sugges- 
tion, looked for similar combinations in various proteid products as 
they are now commonly prepared. 

His results indicated that several proteid substances, which had been 
prepared and purified by the usual methods, contained varying amounts 
of fat or fatty acid in close combination. Further, this fatty radicle 
could be broken off and determined quantitatively by Dormeyer's 
method. No such combination with ovomucoid was shown, but about 
three per cent of extractive matter was separated from sub-maxillary 
mucin, among other products. Most of the proteids examined gave 
negative results. Albuminoids were not studied. 

The quantities of substance extracted, and the amounts of extract 
obtained in the process, were comparatively small in each of the posi- 

' Nerking ; Archiv fiir die gusammte Pliysiologie, 1901, Ixxxv, p. 330. 

2 DORMKVER : Jbid., 1895, Ixi, p. 341 ; iSgfi. Ixv, p. [02. 

* BooDAKOW : Ibid., 1896, Ixv, p. 81 ; 1897, ixviii, p. 408. 

* A rdsumd of the literature concemin(j tlie.sc bodies is givuii by COHNHEIH : 
Clieinie der Eiweisskorper, 1900, p. 203. 
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live cases. When the ordinary unavoidable sources o£ error in work 
of this kind are kept in mind it is difficult to lay very much stress 
upon extractive quantities as slight as those obtained in Nerking's 
experiments. It should be noted, further, that in no case was more 
than one sample of each particular protetd analyzed. 

Nerking does not make it clear to the reader of his paper that his 
products were given the great care in preparation, particularly the 
extended extraction in hot alcohol-ether, which is necessary for their 
complete purification. He does not state that he was careful to use 
anhydrous ether, nor, indeed, that the samples of ether he employed 
had even been distilled by him previous to their use. Possibly he 
was not certain, therefore, that the extractive fluid itself would not 
sometimes yield residual matter on evaporation. He states nothing 
regarding the quantity of fatty material contained in the samples of 
enzyme used in his digestions. Preparations of pepsin such as he 
employed contain appreciable proportions of ether-soluble material. 

Toward the end of his paper Nerking himself comments on the 
obvious weakness of his experimental evidence on the existence of 
"fat proteid compounds." He adds, also, that all his efforts to effect 
special combinations of proteid with fat have resulted negatively. 

With such doubts in our minds as were raised by the omissions 
above referred to, and at the same time appreciating the suggestive- 
ness of Nerking's results, particularly in connection with the mucoids, 
we set to work to ascertain the facts regarding the proteids referred 
to below. 

Proteid Products Investigated. 

Freparatioi). — All of the proteids worked with in these experiments, 
with the few exceptions to be noted, had been prepared and purified 
very carefully by improved or accepted methods for special research 
in other connections, some of the data of which have already been 
published. This fact is emphasized at this point to show that such 
results as were obtained in these experiments were not dependent on 
unusual care in this particular instance, in the separation of the pro- 
teids, but are typical for these substances as we are accustomed in 
this laboratory to prepare them. 

Method of estimating extractive BuJiBtaiioe. — Care was taken to fol- 
low Nerking's general extractive procedure. The substance, dried at 
100-105° C. to constant weight, was extracted for fifteen to twenty 
days continuously in a Soxhiet apparatus with anhydrous ether pre- 
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pared in bulk by us and freshly distilled in glass apparatus before use. 
On evaporation, large quantities of the ether completely disappeared 
without leaving a residue. 

After preliminary extraction, the proteid was digested in a moderate 
excess of 0.2 per cent hydrochloric acid containing 0.8 gram of com- 
mercial pepsin scales per litre. Digestion in this fluid was rapid and 
complete. This quantity of the pepsin preparation (0.8 gni.) con- 
tained 2 to 4.8 milligrams of extractive material. After the digestion 
the extractions were conducted as in Dormeyer's method. 

All ether extracts, those obtained before as well as after digestion, 
were filtered, the papers thoroughly washed with ether and the wash- 
ings added to the main filtrate. Separation of the ethereal extract 
from the fluid digestive mixture was always made exactly, in a sep- 
aratory funnel. There was no tendency to persistent emulsion at this 
point in any of our experiments. The amount of indigested matter 
was at most very slight, even with the mucoids. 

The ether extracts, after filtration, were evaporated in vacuo in 
small beakers. Care was taken entirely to exclude dust particles after 
filtration. A very small amount of water was left behind on evapor- 
ating the ether which had been in contact with the acid fluid. The 
amount of solid matter dissolved in it must have been very slight in 
absolute quantity, although forming an appreciable proportion of the 
weight of the extract. See table, pages 338 and 339, 

Mucoids. - — It has been known for a long time that a certain amount 
of ether-soluble matter is admixed with connective tissue mucoid 
when the latter is first precipitated from its solution in alkali by 
acids. ^ The difficulties in the way of removing this admixture have 
been appreciated by various observers, but no one has determined 
the chemical nature of the extractive substance. These glucoproteid 
products therefore appeared to offer particularly interesting objects 
for study in this connection also. 

Tendomticoid. — Our mucoids from tendon were prepared for the 
experiments recently described by Cutter and Gies.^ Wc used 
samples of their analyzed preparations Nos. i to 5 inclusive. Our 
extractive results were practically negative for each of these. 

A portion of preparation No. i, which by accident had been left in 
the air-bath for a few days — a somewhat longer period than was 
necessary to carry it down to constant weight —had become slightly 

' LoEBiscn : Ztilschriff fur phjsiologisdie Cheniit, 1886, x, p. 58. 
I CuTTEK and GiES: Loc. cil. 
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brownish (oxidized?) just as filter paper does, for example, under 
similar circumstances. On extracting this material the ether became 
yellowish at first, then reddish yellow in color.* The extracted sub- 
stance was very slight in quantity, however, the high tinctorial effect 
having suggested a greater amount of solid matter in solution than 
was actually found.* 

A sample of the same preparation when dried to constant weight 
in vacuo, instead of in the air bath, gave essentially the same negative 
results. Of course, no pigment was developed. 

The results with purified tendomucoid having been negative, we 
determined next the amount of extractive matter in the crude ma- 
terial, which various observers, as we have already noted, have found it 
very difficult to remove in the purification process. For this purpose 
we used a sample of crude tendomucoid prepared originally for diges- ■ 
tive experiments now in progress. This product was obtained in the 
usual way from the Achilles tendon of the ox. After its first precipi- 
tation from lime-water the subslance was washed free of acid, then 
partly dehydrated in 50 per cent alcohol and dried in the air in thin 
layers on plates. 10.8 grams of this finely powdered product, in spite 
of the treatment with alcohol in its preparation, yielded 0.3 gram of 
extractive matter, a large part of which persisted in the substance 
even after two weeks' extraction.* 

The extractive matter thus obtained was yellow in color and oily 
in consistency, but did not contain any fat crystals. Even when dis- 
solved in ether and allowed to evaporate spontaneously at room tem- 
perature, crystals failed to develop. That it contained fat, however, 
was shown by the yield of fatty acid. It did not contain cholesterin 
or lecithin in sufficient quantity to respond to the familiar tests. 

Our result in this connection emphasizes the need of thorough 
extraction in the purification of tendomucoid. 

' The previous extracts were colorless. So were all subsequent ones except 
that from crude mucoid. 

' That the usual treatment in an air-balh at 100-110° C. for the removal of 
water from proteids is an unsatisfactory method has long been recognized. Such 
results as the above, which indicate gradual decomposition, also emphasize the 
desirability of an improved method of drying proteid products for analysis. 

• This fact may have been due to the compactness of the powder particles, 
since the product had been dried before it was completely dehydrated. It was 
not light and fluffy, as is the dry, purified, dehydrated mucoid. All of this extrac- 
tive substance, it will be remembered, can be eliminated from the freshly precip- 
itated mucoid without the aid of the digestive process. 
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Osseomucoid and chondromucoid. — These preparations had been 
analjized by Hawk and Gies.' The former was their preparation 
No. 6; the latter, preparation " b." Like the tendomucoid, these 
products were found to be free from fatty material. 

Albuminoids. — Each of our albuminoid products was prepared by 
improved method. All were found to be practically free from extractive 
material. 

Collagen. — One sample of collagen from the femur of the ox had 
been made by us from ossein shavings for other experiments not yet 
reported. Osseomucoid, etc., had been removed with lime-water and 
the albumoid'-' eliminated by digestion in alkaline trypsin solution.^ 
A sample of tendon collagen from the Achilles tendon of the ox had 
been made in the same way, for the same purpose, and was available 
for these experiments. 

Gelatin. — Products prepared from bone, for other experiments in 
progress for some time, were used. They were made from ossein 
shavings obtained from the rib and the femur of the ox, after removal 
of the mucoid and albumoid as above. The ligament gelatin used by 
us was analyzed by Richards and Gies.* Through the kindness of 
the writer's former colleague, Dr. W, G. Van Name, we were able, 
also, to use samples of two of his preparations of tendon gelatin — 
C and D.^ 

Elastin. — Our samples of elastin were prepared and analyzed by 
Richards and Gies.^ Their preparations Nos. 7 and 8 were used. 

Simple protelds. — These also gave practically negative results in 
the two experiments with purified products. 

Globulin. — We used a sample of cocoa edestin obtained by Kirk- 
wood and Gies" — their preparation No. 5. The endosperm of the 
cocoanut, from which this preparation of edestin was made, contains 
large proportions of fat and fatty acids, a condition particularly favor- 
able to admixture or combination with proteid, if such had occurred. 

Alkali albuminate. — This product had been made by Fried and 
Gies^ from a mixture of myosin and muscle "stroma substance," It 

' Hawk and Gie-s : Loc. cil. 

' Hawk and Giks: This journal, 1902, vii, p. 340. 

» EwALD and KUHNE : Jaliresbericht der Thier-Chemie, 1877, vii, p. 281. 

* KiCHARUS and Gies : This journal, 1902, vii, p. 128. 

' Van Name: Journal of experimental niedicine, 1897, ii, p. 124. 

" Richards and Gies ; Loe. cil., p, 104. 

' KiHKWOOU and Gie.s : Bulletin of the Torrey Botanical Club, 1902, xxix, p. 
343- 

' Fried and Gies; Proceedings of the American Physiological Society. This 
Journal, 1901, v, p. xi. 
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had not been thoroughly extracted with ether in the purification 
process. 

Gommsicial pioducu. — These substances were dried egg albumen, 
Witte's peptone, somatosc, and chloralbacid. An appreciable quantity 
of extractive matter was separable from the albumen, but the propor- 
tion of such substance obtained from it was not as great as that from 
crude mucoid. 

Discussion of Results. 

The table on pages 338 and 339 summarizes the data obtained in 
these experiments- It will be observed that the figures for composi- 
tion of the purified products agree with the accepted average data 
for each class of substances. Further, it is seen that the absolute 
amounts of extractive substance are very slight — so minute, in fact, 
as to be practically nothing except for the crude products with their 
usual extractive impurities. The influence of ordinary, unavoidable 
defects of manipulation on such small quantities of residual substance 
is obvious. 

The perceptible decrease in the weight of many of the extracts 
during the drying process in the air-bath might be interpreted as 
indicating a loss of volatile fatty acid. This decrease, however, is 
seen to be very slight in absolute amount. It is much more prob- 
able that the loss was water only. The small beakers in which the 
ethereal extracts were evaporated were light in weight but of a 
capacity of 80 c.c. While even this size was somewhat disadvan- 
tageous as far as drying and weighing were concerned, smaller ves- 
sels could not have served very well in other lespects. It is probable 
that, in their stay in the desiccators over sulphuric acid, not all of the 
moisture was removed from them. In the air-bath it was, of course, 
driven off and the total weight thereby reduced somewhat. 

Conclusions. 

We conclude from the data of these experiments that the above pro- 
teids of the simple, compound and albuminoid types, which were 
prepared by the best methods now in use, are not " fat-proteid 
compounds." 

It is obvious, also, that these substances bear no resemblance to 
products of the lecithalbumin type. 
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OF OSSEOALBUMOID, WITH A COMPARATIVE 
STUDY OF THE ALBUMOID OF CARTILAGE.^ 

Bv V. B. HAWK AND WILLIAM J. GIES. 

[From the Laboratory of Physiologicai Chemistry of Columbia UniverHty, at Ike Colltgi 
of Physicians and Surgrons, AVio Yln-k.\ 

CONTENTS. 

I. Osseoalbumoid 341 

Hisiorical 341 

General method of preparation 342 

Preparations 1-9. vrilh analytic results J43 

Conclusions from analytic data 551 

II. Chondroalbumoid 3.'i4 

Historical 354 

Method of preparation 355 

Records of analysis, preparations A and It 355 

Conclusions from the data of analysis 357 

III. Summary of conclusions 35S 

AT the time of the first announcement of the writer's discovery of 
glucoproteid among the constituents of osseous tissue,^ it was 
pointed out that the method of preparing osseomucoid furnishes 
residual material particularly well adapted to the study of other or- 
ganic substances in bone. This method, it may be recalled, consisted, 
briefly, in preliminary softening of superficial layers of bone by re- 
moving inorganic matter with dilute acid {e.g., 0.2 per cent HCl). The 
softer tissue was next transformed into thin shavings by scraping it 
with a scalpel, and finally, after bashing the material and washing it 
free of acid in water, was extracted with dilute alkaU, such as half- 
saturated lime-water. The residual product thus obtained naturally 
contained collagen, also any other albuminoid constituent possibly 
present in the tissue ; other soluble proteid substances, such as lymph 
proteids or nucleo-com pounds, having been eliminated. The weak- 
ness of the acid and alkali used in the process of preparing the ossein 

' A preliminary account is given in tiie Proceeciings of the American Pliysio- 
logical Society: This journal, 1902, 



: Proceedings, Ibid., 1900, ii 
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makes it very probable, further, that any albuminoid constituents other 
than collagen are entirely unaffected chemically by such extraction 
process. 

These observations induced us to study the elastin-like substance 
of bone. This constituent has been referred to by several Investiga- 
tors. They have given us anything but a clear idea of its qualities, 
however. In this connection it was found desirable, also, to make a 
comparative study of the albumoid of cartilage, which has been referred 
to by various observers quite as indefinitely. 

Osseoalbumoid, 

aiatorioBi. — Numerous investigators have made chemical studies 
of osseous tissue. In their researches, the organic, proteid residue 
left behind after solution of the salts in acid, the so-called ossein, has 
usually been regarded as consisting entirely of collagen. Lymph 
proteids and nucleo-com pounds have been recognized, however, and 
elastic fibres are admittedly present in normal bone and in ossein, 
though in comparatively small number.' 

Broesike^ some years ago reviewed the data of microchemical 
study of osseous tissue, and published, also, the results of several ex- 
periments by himself, which led him to believe that keratin is among 
the normal bone constituents. The substance be called keratin was 
evidently located, in part at least, in the lining of the lacunae and 
canaliculi. His conclusion that this substance was keratin was de- 
pendent on its seeming indigestibility, and, further, on its lack of 
solubility in various reagents in which keratin, also, is unaffected 
chemically. 

Smith * soon af^er, under Kuhne's supervision, made it very 
evident that Broesike had fallen into a number of experimental errors, 
and that, as a consequence, the latter observer's chief chemical de- 
ductions were fallacious. Instead of finding ossein indigestible in 
pepsin-hydrochloric acid, for example, Smith clearly demonstrated, as 
several others seem also to have done before him, that very little solid 
matter remains after treatment of the organic elements of bone with 
an active enzyme solution. He observed, further, that such residual 
substance as is resistant either completely disappears, when subjected 

' Hallibukton : Schafer's Text-book of physiology, 1898, i, p- ill, 
* Broesike : Archiv l\\x milcroskopische Anatomie, i88z, xxi, p. 695. 
' Smith : Zeitschrift fiir Biologic, 1883, xix, p. 469. 
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to the influence of a new pepsin-acid solution, or is converted into a 
slight proportion of nuclein-like material entirely different from the 
keratins.^ Although Smith did not establish the identity of the sub- 
stance which Broesike called keratin, his work suggested that the 
material was elastin.^ 

With nothing very definite on the point of chemical identity we 
therefore proceeded with our attempts to isolate sufficient material 
for analysis. 

General method of prepaiatloD, — All our preparations were made 
from the femur of the ox. We have already indicated that the pre- 
liminary part of the preparation process consisted first in transform- 
ing bone into ossein shavings, then putting the shavings through a 
hashing machine and extracting the mucoid, nucleoproteids, etc., 
from the finely divided tissue.* 

After this treatment, the alkali remaining in the shavings was 
removed by repeated washing in water. When this process had been 
completed the hash was heated in water in a large, agate-ware kettle 
until gelatinization of the collagenous elements was complete. In the 
later preparations the kettle was kept covered so as to elevate the 
temperature of the mixture to the highest point possible under the cir- 
cumstances. When it was desired to renew the hydrating fluid, the 
mixture was at first strained through fine cloth or a sieve. When it 
became more finely divided, toward the later stages of the disinte- 
gration, filtration on a hard filter sufficed for ready separation of the 
solid matter. Conclusion of the gelatinization process was determined 
not only by the almost complete disappearance of fibrous structure 
from the residual flocks, but also by the nearly negative reaction of 
the filtered fluid with picric acid. Such slight reaction with this 
reagent as persisted after a few days' boiling was due undoubtedly to 
proteoses formed from the residual matter. 

' The results of Smith's expenments are obviously in harmony with the fact 
that large quantities of bone are ordinarily digested in the alimentary tract of 
camivora. We ourselves have witnessed the complete digestion of small pieces 
of fresh l>one in a large proportion of normal gastric juice taken from a fistula in 
a dog, only a smalt proportion of nudein-like material remaining undissolved. 

' This has since generally been taken for granitd. Ste Text-books of physi- 
ological chemistry by Halliburton (1891, p 493), Gautier (1897, p. 107), 
Neumeister (1897, p. 454), and Hammaksten (1899, p. 326). 

* This method was given in detail in the second contribution from this labora- 
tory on the subject of the preparation of osseomucoid. This journal, 1901, v, 
P- 393- 
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The resultant product contained the elastin-like substance, which 
was purified in boiling alcohol-ether in the customary manner. 

Modifications of, and additions to this method are noted below under 
each preparation. « 

Preparation No. 1. — Our first product was made by the general 
method just outlined. In this case the ossein shavings were boiled 
in water for 12 hours and the residue heated continuously in a flask 
over the boiling water of a bath for 328 hours — as long as the substance 
appeared to diminish in bulk. The Rnal product was dehydrated, and 
extraneous matter removed, by treatment in alcohol and ether in the 
usual process of proteid purification. 

The material thus obtained was light and flufTy, and grayish brown 
in color. The moist substance was lightly flocculent, dark brown, 
granular for the most part, but consisting in small degree of fibrous 
fragments — probably elastic material.' To our great surprise the 
supposedly pure product contained 76.32 per cent of ash, mostly cal- 
cium phosphate.* The ash-free substance contained the following:* 

C H 

49.81% 6.68% 

In pepsin-hydrochloric acid, samples of this product digested very 
readily, proteoses forming in good proportion. 

It was very evident from these results that the soft ossein shavings, 
obtained after treatment with dilute acid as above, still contained 
considerable inorganic matter, which remained in part in the organic 
residue even after its complete disintegration in hot water. 

PiftparatioD No. 2. — The remaining substance of preparation No. i, 
about 4 grams, was washed in 0.025 P^r cent hydrochloric acid re- 

' The reader need hardly be reminded of the great difficulty in the way of 
absolute purification of residual tissue constituents, particularly when such prod- 
ucts form a comparatively small proportion of the original structure. Products 
of the kind before us here, which are never dissolved, filtered, and precipitated, are 
very apt to accumulate dust particles, fragments of various extraneous matters, 
etc. The greatest precaution is insufficient to entirely prevent such adventitious 
admixture. In all of these preparations the greatest care was constantly talcen to 
diminish such accidental adulteration, and before ai^alysis was begun, each product 
was very thoroughly looked over for particles of foreign material. 

' The ash was brick-red in color. The same color characterized the ash from 
all of these products — both from bone and cartilage. A fairly Urge proportion 
of iron was detectable in these inorganic residues. 

' The methods of elementary analysis used throughout this work were those 
In general employment already described by us: This journal, 1901, v, p. 403. 
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peatedly for a week, until only slight quantities of phosphate could be 
detected in the washings. After dehydration, etc., this product still 
contained 46.25 per cent of ash.' The physical condition of the pre- 
viously dried material was doubtless unfavorable to complete elimi- 
nation of the saline matter in the very weak acid used. 

This product was found to be entirely insoluble in cold dilute 
potassium hydroxide, even when as strong as i per cent. No biuret 
reaction could be obtained in the filtrate after the substance had been 
frequently stirred with the alkali for about a day. 

In dilute hydrochloric acid — 0.2 per cent or less — the substance 
diminished in quantity by reason of the solvent action on the admixed 
phosphate, but no biuret reaction could be obtained with the acid 
extract even after it had been in contact with the substance for 
twenty-four hours. 

The preparation itself gave the Millon's, xanthoproteic, and biuret 
reactions very distinctly. The composition of the ash-free substance 
was as follows : 

c H N 

49.71% 6-62% 1611% 

Fieparatloo No. 3. — This was obtained from several pounds of 
shavings which had been made in 0.5 per cent hydrochloric acid^ 
and preserved during their accumulation in 10 per cent alcohol. 
After the removal of the mucoid the shavings had been kept extract- 
ing in large excess of 0.25 per cent potassium hydroxide for four 
months, for complete elimination of traces of mucoid and nucleo- 
compounds. 

When the alkali had been washed out, the ossein hash was kept in 
boiling water ten hours daily for thirteen days. At first the hot 
water became faintly alkaline each time it was renewed, because of 

*■ The persistently high proportion of ash in these two preparations brought to 
mind the old question of possible chemical combination between some of the 
inorganic and organic substances of bone. (Consult the discussion of this mailer 
by Drechsel in Hermann's Handbuch der Physiologie, 1883, v, (i), p. 609). 
Our later results, however, as will be seen, do not offer the same indications as 
those of the first two preparations. From our later data it appears that there are 
only mechanical obstacles to the ready removal of the inorganic matter, and that, 
when these are overcome by more thorough acid treatment, the amount of ash is 
not much above that found associated with the average proteid from other sources. 

* Shavings for the preceding preparations were made from bones treated with 
o.z per cent HO. The shavings had been kept in 25 per cent alcohol before 
extraction of the mucoid. 
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liberation of mechanically held alkali on disintegration of the tissue 
pieces. This alkali had persisted in spite of the previous thorough 
washing. Finally, however, the warmed mixture was entirely neutral. 
The boiling process was continued much longer than appeared to be 
necessary merely to make certain that all collagenous matter had 
been transformed into soluble material. 

In order to remove more throughly inorganic matter from the sub- 
stance remaining after the boiling process, the product was repeatedly 
washed for ten days in cold hydrochloric acid of a strength increas- 
ing at first from 0.05 per cent to 0.2 per cent, and later decreasing to 
0.05 per cent. Much phosphate was taken out in this way. A 
slight biuret reaction was obtainable in the washings with the 0,2 per 
cent hydrochloric acid. This was not obtained with the O-l per cent 
acid at first, although as the phosphate content diminished the 
residual proteid became more susceptible to the action of the acid 
and slight solution in ai per cent acid finally occurred.' 

After purification in alcohol-ether, etc., 1,36 gram of substance re- 
mained. This preparation, in spite of the long-continued washing in 
acid just before dehydration, contained 5.85 per cent of ash. Samples 
of this substance gave the usual proteid color reactions and digested 
easily in artificial gastric juice. The digestive product was mostly 
proteose, after twenty-four hours at 40° C, 

The analytic results for this preparation were aa follows : 

Carbon and Hydrg^n. 0.1031 gm. substance gave 0.0576 gm. H|0 = 6.31 

percent H; 0.1030 gm. substance gave 0.1764 gm. CO, = 46.71 per 

cent C, and 0.0580 gm. HjO = 6-30 per cent H. 
Nitrogen. 0.1599 gm. substance gave 0.02413 gm. N = 15.09 per cent N. 
Total Sulphur. 0.6440 gm. substance gave 0.0490 gm. BaSOt = 1-05 per 

cent S. 
Ash. 0.1213 gm. substance gave 0.0071 gm. Ash = 5.85 per cent Ash; 

0.Z580 gm, substance gave 0.0151 gm. Ash = 5.85 per cent Ash. 
Sulphur of the Ash. 0.2580 gm. substance left o.oigi gm. Ash, which gave 

0.0046 gm. BaSOj = o. 16 per cent S.* 



' Note remarks on solubility, etc., of ligament elastin by Richards and Gies : 
This journal, 1902, vii, p. 104. 

■ This amount of sulphur is not deducted from Ihe quantity calculated for ash- 
free substance- The large amount of sulphur in the substance makes it probable 
that the SO, of the ash was derived by oxidation of organic sulphur. This applies 
equally well to all of out preparations, both from bone and cartilage. 
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H-FBEE SUBSTANCK-' 

49.61 
6.70 

16.03 



O ,... .... .... .... 26.55 

FreparatloD Ho. 4, — This product was obtained from shavings made 
about six months previously from bones treated with 0.5 per cent 
hydrochloric acid. The shavings were washed once in o. i percent 
hydrochloric acid and thereafter kept in acidified 25 per cent alcohol 
until several pounds of material had been obtained. During the six 
months after removal of the mucoid the ossein hash was repeatedly 
washed in 0.3 per cent potassium hydroxide. Finally, after the alkali 
had been removed as usual, hydration was effected in boiling water, 
repeatedly renewed and made faintly acid with acetic acid. From 
this point the process of treatment was identical with that for prepa- 
ration No. 3, 

A marked physical difference between this and the former products 
was observed. The residual material, although quite resistant to the 
action of the boiling water, was somewhat gelatinous in appearance. 
Though divided into minute flocks, these were somewhat adherent, 
and tended to collect at the top of the hot water in a semi-gelatinous 
layer. This was easily broken up into flocks on stirrring. The prod- 
uct was finally much diminished in bulk and appeared more soluble 
in dilute acids than any of the preceding preparations. We did not 
obtain sufficient for quantitative analysis. The residual substance 
gave the proteid color reactions. It appeared to f>e a transformation 
product resulting from the action of the acid in the boiling fluid 
during the process of hydrating the collagen, although, aside from 
differences in physical form and solubility, it was identical with the 
other products. It contained loosely-bound sulphur, was digestible, 
and did not yield reducing substance on decomposition with acid. 

prftparattoQ No. 5. — Ossein shavings were freshly prepared after 
treatment of the bones with 02 per cent hydrochloric acid. Several 
kilos of the material were made. While they were accumulating, the 

I The substance was found to be entirely free from phosphorus in orgaDic 
combin.uion. Phospliate was the chief constituent of the asli. 
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shavings were kept in o.i per cent hydrochloric acid. This was fre- 
quently renewed. After elimination of the mucoid with lime-water, 
the shavings were washed free of alkali with very dilute acetic acid. 
The rest of the process was essentially the same as that for prepar- 
ation No. 3. 

The fluid poured off at first, after the hydration had been begun, 
was very faintly alkaline, showing, as in previous instances, that, in 
spite of the acid treatment, some of the Umc-water was held un- 
affected in the tissue. This product appeared to be somewhat more 
soluble in 0.2 per cent hydrochloric acid than preparation No. 3, 
About one gram of purified substance was obtained.' 

The ash of this preparation amounted to 5.88 per cent. The ana- 
lytic data obtained for ash-free substance were :^ 

C H s 

50.57 7.17 1.17 

Preparation No. 6. — The results of the ash analysis of our previous 
preparations made it very evident that more attention was necessary 
to the removal of phosphates. Although treatment of the residual 
substance with dilute acid was effective in removing most of the phos- 
phate held in it, it was impossible to use sufficiently strong acid for 
the purpose at that point because of the solvent and transforming 
action of the same on the remaining proteid. It seemed desirable, 
therefore, to give still more attention to the removal of inorganic 
matter from the shavings in the first place. 

A large quantity of hashed ossein made with 0.5 per cent hydro- 
chloric acid, from which the osseomucoid had been removed and 
which had been under 0.25 per cent potassium hydroxide for eight 
months, was washed free of alkali in water and then thoroughly 
stirred with 0.8 per cent hydrochloric acid at intervals for a day. 
Much phosphate was removed in this process. The hash was given 
similar treatment in 0.6 per cent hydrochloric acid, with the same 
result. A third washing was made in 0,4 per cent hydrochloric acid. 
Thereafter the hash was washed for several days in 0.2 per cent acid 

' II should be kept in mind, of course, that the quantities of substance finally 
obtained do not represent fully the amounts of osseoalbumoid in the tissue. A 
considerable proportion is transformed into soluble products with the collagen in 
the hydration process, as well as lost mechanically in purifying. 

' Our determinations of phosphorus of this and subsequent preparations showed 
that there is none present in organic combination. 



3,Googlc 



348 P. B, Hawk and William J. Gies. 

until only traces of phosphate were being removed. At this point 
the washings did not yield a biuret reaction. 

After the acid had been thoroughly washed out, leaving in a 
readily soluble form' such traces of phosphate as might still be in 
the tissue, the usual hydration process was carried out. The final 
residual substance had a somewhat gelatinous appearance, just as in 
the case of preparation No. 4. In this instance, also, the initial 
hydration was made in the presence of a trace of acid which bad not 
been thoroughly washed out. Only about 0.6 gram of substance was 
obtained in the process. 

The amount of ash in this preparation had been reduced by the 
improved method to 3,07 per cent. Analytic percentage data 
obtained for" the ash-free substance were : 



A microscopic study was made in this connection of the changes 
in the ossein during the heating process. Samples were taken each 
day during the ten days that the boiling was continued. Each 
sample was placed in 70 per cent alcohol after it had been washed in 
water. 

At the end of the first day in the boiling water the fibrous structure 
of the material still remaining undissolved was but little modified, 
but much granular matter was present in the hydration fluid. The 
fibrous structure gradually disappeared, however, and long before the 
completion of the hydration process practically nothing but small 
collections of granular matter represented the original structures. 
An occasional fragment of what appeared to be an elastic fibre could 
be detected, however.^ 

Pt«pataUou No. 7. — Shavings, which had been made seven months 
previously from ossein obtained in 0.5 per cent hydrochloric acid, were 
kept in 0.25 per cent potassium hydroxide until ready for use in 
these experiments. After most of the alkali had been removed with 
water the hash was washed for several days in hydrochloric acid 

^ This method of concluding the preliminary extractive process with acid had 
the special advantage, over the previous methods, of transforming iri-basic eartby 
phosphate into acid modifications. The tvashiiig with alkali alone naturally had 
little or no extractive action on the earthy phosphates, but, on the contrary, tended 
to convert residual phosphates of calcium and magnesium into fixed forms. 

^ See foot-note, page 343. 
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increasing in strength to 0.2 per cent. When the acid appeared to 
be removed by subsequent washing in water the hydration process 
was begun. The fluid soon acquired an acid reaction, however. 
This reaction persisted in several of the first warm washings. 

The product soon became quite gelatinous. It was very resistant 
to the further action of the boiling water. Eventually nearly all of 
the substance went into solution, although the renewed fluids re- 
mained neutral. At the end of a week's boiling, daily for about ten 
hours, too little remained for quantitative analysis. 

Preparation No. 8. — The results obtained with preparations Nos. 
4, 6, and 7 indicated that the presence of acid, however little it might 
be in the fluid during hydration, tended to effect transformation into 
somewhat gelatinous material. It was evident that this substance 
was not gelatin. . At the same time it was clear that it was different, 
from the residue obtained in the absence of acid or in the presence 
of alkali. That the difference was mainly physical was indicated by 
the fact that the analytic results for the semi-gelatinous form were 
essentially the same as for that obtained without the influence of 
acid in the hydration process. It seemed best to avoid this un- 
necessary complication, and in this preparation it was accomplished. 

About 3 kilos of shavings were freshly prepared from bones treated 
with 0-5 per cent hydrochloric acid. After removal of the mucoid 
with lime-water, as usual, the shavings were kept in 0.3 per cent 
hydrochloric acid for three weeks to remove inorganic matter. The 
acid was frequently renewed. At the end of this time only a trace 
of phosphate reaction was obtainable in the acid washings. The 
acid was very thoroughly removed by repeated washing in cold and 
warm water. The boiling process in large volumes of frequently 
renewed water continued for 112 hours. The moist material was 
Aocculent, granular, cream colored, and had no gelatinous qualities. 

The usual treatment with acid before boiling in alcohol-ether was 
omitted. 16.6 grams of purified product were obtained. The ash 
amounted to only 2.0S per cent. It had the usual brick-red color. 

The analytic results for this preparation were as follows : 

Carbon and Hydrogen. 0.2032 gm. substance gave 0.3640 gm. COi = 48.86 
per cent C, and 0.1251 gm. HjO = 6-89 per cent H; 0.2035 S™- 
substance gave 0.3683 gm. COj = 49.36 per cent C, and 0.1254 gm, 
H,0 = 6.90 per cent H. 

Nitro^n. 0.4184 gm. substance gave 0.06573 gm. N = 15.71 per cent N ; 
0.2420 gm. substance gave 0.03803 gm. N = 15-71 per cent N. 
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Total Sulphur. 0.5011 gm. substance gave 0.0406 gm. BaSOj = i.is per 

cent S; 0.5050 gra. substance gave 0.0411 gm. BaSO^^i-ij per 

cent S. 
Total Phosphorus. 0.4008 gm. substance gave 0.0078 gm. MgjPjO] = 0.54 

per cent P. 
Phosphorus of Ihe Ash. 0.0174 S™- Ash gave o.oioo gm. MgjPiO, = 0.33 

per cent P. 
Ash. 0.4850 gra. substance gave o.oioi gm. Ash = 2.10 per cent Ash; 0.4838 

gra. substance gave 0.0099 8™- ^^ = 2-°6 P^'' ^^"^ Ash. 

Percentage Composctiom of the Ash-frei Substance. 

Average. 
C 49.90 50.41 .... .... .... .... 5ai6 

H 7.04 7.04 .... .... .... .... 7.04 

N .... .... 16.04 16(H .... .... 16.04 



This preparation, after purification and drying, was found to be 
entirely insoluble in water, 10 per cent sodium chloride, 0.2 per cent 
hydrochloric acid, and 0.5 per cent sodium carbonate; but slowly 
soluble in 10 per cent hydrochloric acid and 10 per cent potassium 
hydroxide. Solution was more rapid in the alkali than in the acid. In 
all of the reagents except water and sodium chloride, complete solu- 
tion took place speedily on boiling. Albuminates were formed in 
this treatment and could be precipitated on neutralization. Part of the 
sulphur in the substance could be split off on heating with potassium 
hydroxide and detected as sulphide with lead acetate. The larger 
proportion of the sulphur was closely united, however. 

The substance gave the typical proteid color reactions distinctly 
and digested in pepsin hydrochloric acid, with a formation of 
albuminate and proteoses. A small proportion of an albumid-like 
residue remained undissolved. This was soluble in dilute alkali and 
insoluble in dilute acid. Peptone could not be detected — probably 
only traces had been formed from the small quantity of substance 
used in the test.' On decomposition with 2 per cent hydrochloric 
acid the product failed to yield reducing substance. 

Preparation No. 9. — This was made by essentially the same process 

J Compare the similar results obtained with ligament elastin by Richards and 
GiES: This journal, 1902, vii.p. Ml. 
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as that for preparation No. 8. The original shavings, about 2 kilos, 
were washed in acid for about three weeks longer than those of the 
previous preparation, even after practically no more phosphate could 
be detected in the extracts. The acid was very completely washed 
out in cold and warm water before hydration was begun. The boiling 
process was discontinued at the end of eighty-two hours. 

The physical properties of the product were identical with those of 
preparation No. 8.^ Between 5 and 6 grams of purified substance 
were obtained. The ash amounted to only 2.76 per cent. It had the 
usual brick-red color. 

This product was found to be identical, in qualitative chemical 
characteristics, with preparation No. 8. The results of its quantita- 
tive analysis are appended : 

Carbon and Hydrogm. 0.15 10 gm. substance gave 0.2710 gm. 001 = 48.95 
per cent C, and 0.0944 S™- HjO = 6.99 per cent H ; 0.1520 gm. sub- 
stance gave 0.2709 gm. COj = 48.61 per cent C, and 0.0900 gm. HjO 
= 6.63 percent H. 

Nitrogen. 0.2435 S™- substance gave 0.03847 gm. N = 15.80 per cent N ; 
0.2715 gm. substance gave 0.04317 gm. N = 15.90 per cent N, 

Total Sulphur. 0.5042 gm. substance gave 0.0418 gm. BaSO, = 1.14 per 
centS; 0.5050 gm. substance gave 0.0437 gm. BaSOj = 1.19 per 
cent S. 

Ash. 0.4007 gm. substance gave o.oioS gm. Ash = 2.69 per cent Ash; 
0.4014 gm. substance gave 0.0114 gm. Ash = 2.84 per cent Ash. 

Percentagb Composition of Ash-free Substance, 

C 5034 50.00 50.17 



Conclosions from analytic data. — The summary on the next page 
shows at a glance the average results of all our elementary analyses. 
It also brings into comparison the figures for composition of typical 
preparations of keratin, elastin, collagen, and albumoid. 

' Preparations Nos. 8 and 9 at this stage very closely resembled the similar 
products from cartilage to be described farllier on. 
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Preparation. 


Ash-free Substance. 


Ash. 


No. 


C 


H 


N 


S 


O 


1 


49.81 


6^ 








7631 


2 


49.71 


bM 


16.11 






4625 


3 

4 
S 


49*1 


6.70 


1603 


1.11 


26.55 


5.85 


S0.S7 


7.17 




1.17 




S.88 


6 


S0.4S 


7.24 








3.07 


8 


50.16 


7.04 


16.04 


1.16 


25.60 


2.08 


9 


50.17 


7.01 


16.30 


1-19 


25.33 


2.76 


Avcragt. 














1-7 


sao3 


6.88 


16.07 


1.14 


2.S.88 




8-9 


50.16 


7.(B 


16.17 


1.18 


25.46 




1-9 


5007 


6.92 


16.12 


1.16 


25.73 




Albumoid I . 


5a*6 


7.05 


14.95 


1-86 


25.68 




Albumoid' . 


S3.1Z 


6.80 


1662 


0.79 


22.67 




Collagen* , . 


50.75 


6.47 


17.86 




24,92 




Keratin' . . 


49.45 


652 


16.81 


4.02 


23.20 




Elasttn ' . . 


54.14 


7.33 


16.87 


014 


21.52 




■ From cartilage. See paj 
» From the crystalline le 
1891, JCYii!, p. 7a 
• From gelatin. Hofmei 
< From white hair. KD 


e 357 of this paper. 

rrER ; Ibid.. 1879, ii, p. 322. 
NE and Chittenden: Zeilschrift fiir Biolo 


Chemie, 

gie, 189a 


luvi, p. 291, 
' From ligamentum nucha 


e. RiCHAUDS and Gies: This journal, 1902, 


ii, p. 104. 
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The chemical qualities of the albumoid product separated from 
bone in these experiments indicate that the substance is neither a 
collagen, a keratin, nor an elastin. This tnay also be seen from the 
analytic figures. Unlike the collagens, it docs not yield gelatin. It 
is readily digestible, whereas the keratins are indigestible. It con- 
tains an abundance of loosely united sulphur ; elastins contain only 
slight quantities of sulphur, — some of them, no loosely bound sulphur 
at all. The properties of our product, while somewhat different, as 
we have said, approach to a certain extent those of the elastins of 
ligamentum nuchx' or the aorta.^ They appear to be identical for 
the most part with those of the albumoid of cartilage.^ 

Since all the albumoids are residual tissue constituents of vari- 
able qualities and composition, though of typical resistance to the 
action of solvents,^ it seems proper to classify the product we have 
obtained from bone as an elastin-like albumoid and to refer to it, 
therefore, as osseoalbumoid. We freely admit that, while our 
chemical knowledge of the albuminoids remains as slight as at 
present, such classification has the virtue of only temporary 
convenience. 

No attempt has been made in these experiments to ascertain the 
exact location of osseoalbumoid in the tissue. It appears probable, 
however, that the substance is the same as that regarded as keratin 
by Broesike and which was found by him in the lining of the lacunae 
and canaliculi. We are inclined to believe, also, that the elastic 
fibres of the bone, perhaps also elastic portions of blood-vessels in 
the Haversian canals, have contributed substance to our prepara- 
tions.* It is possible, of course, that the residual matter prepared by 
the method we have employed is composed of more than one sub- 
stance, although the harmony in our analyses, of preparations made 
by a changeable process, indicates that the products obtained are not 
admixed to any appreciable extent with variable constituents. 

The proportionate amount of osseoalbumoid in bone is small. It 

' Richards and Gies : Loc. cit. 

' ScHWARZ: Zeitschrift fiir physiologische Chemie, 1894, nviii, p. 487. 

• MOrner : Skandinavisches Archiv fiir Physiologie, 1889, i, p. 234. See also 
page 357 of this paper. 

* CoHNHEiM : Chemie der Eiweisskdrper, 1900, p. 299. 

' Recent staining methods show that bone contains very little elastic material. 
See Abstract of Melnikow-Kaswedenkow's paper, in American Medicine, [901, 
ii, p. 466. 
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appeared somewhat greater, however, than the quantity of the corre- 
sponding constituent of cartilage.' 

Chondroalbumoid. 

The qualities of the albumoid obtained from bone were found to be 
so nearly the same as those ascribed to the albumoid in cartilage that 
a comparative study of the latter body appeared to be particularly 
desirable in this connection. 

Hiatotloal. — It will be recalled that in his classical researches on 
the constituents of hyaline cartilage, Morner ^ separated a product 
which he considered an albumoid. This body was a residual sub- 
stance obtained from the tracheal cartilages of the ox after complete 
hydration of the collagenous elements in boiling water in a Papin's 
digestor at 110-120° C. 

The substance obtained in this way was entirely insoluble in i per 
cent potassium hydroxide, but slightly soluble in 5 per cent solution 
of the same reagent. It was readily soluble in boiling o.i per cent 
alkali. It digested completely, with a formation of albuminate, pro- 
teose, and peptone. It contained considerable loosely united sulphur, 
but did not yield reducing substance on decomposition with acid.' 
Its resemblance to keratin and elastin in some respects, and its dif- 
ference from them in others, made it necessary for Morner to con- 
sider it a proteid of the indefinite albumoid type. 

The quantities of albumoid obtained in Morner's experiments were 
too small to offer favorable opportunity for elementary analysis- 
He transformed into albuminate such material as was available, how- 
ever, for the sake of removing insoluble extraneous matter, and then 
determined the nitrogen content of the derived products. In two 
determinations the alkali albuminate made with boiling o.i per cent 
potassium hydroxide contained 15.87 per cent nitrogen; that made 
with boiling 0.5 per cent potassium hydroxide had 16.02 per cent. 
Neither of these results was for ash-free substance, the ash not having 
been determined. The nitrogen .content, also not ash-free, of one 
preparation, made in boiling 0.5 per cent hydrochloric acid, was 15.43 
per cent. Morner concluded that the albumoid itself has a content 
of nitrogen ranging between 15 and 16 per cent. 

' Further reference to osseoalbumoid is made on page 357- 

^ MOrnek : Loe. at. 

• Compare with the results of our analyKis of os.stoallmmoid, page 353. 
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Nothing further has been done to determine the characters of 
chrondroalbumoid. When- we recall that albuminates are products 
in which the proportion of nitrogen is usually different from its 
proportion in the substance from which the albuminates are derived, 
particularly when obtained with boiling reagents, it is obvious that 
Morner's analytic results tell us very little about the composition of 
the original body. 

The substance identified by Morner was absent from the tracheal 
cartilages (the only ones examined) of calves. Morner concludes, 
from this fact, that immature canilage is essentially different from 
the mature forip of the tissue in its lack of the albumotd constituent. 
This conclusion is based on only a few observations. If, however, it 
is found later to be correct, the fact that osseoalbumoid appears to 
be present in bone in greater proportion than in cartilage from the 
same animal would suggest that, in the development of bone from 
cartilage, the proportion of the albumoid constituent increases. 

Uethod of preparatdoD. — In these experiments we used the carti- 
laginous portion of the nasal septum of the ox. Several pounds of 
these pieces of typical cartilage, about ten inches long and three 
inches wide, were used. The outer membranes were removed, the 
pure cartilage put through a hashing machine, the resultant hash 
thoroughly washed in running water; mucoid, nucleo-proteid, etc, 
thoroughly eliminated in several extractions with dilute alkali after 
preliminary treatment with o. 1-0.2 per cent hydrochloric acid; and 
the alkali-free residue thoroughly hydrated in boiling water for sev- 
eral days under conditions identical with those for the preparation of 
osseoalbumoid. The final product was also extracted with 0.1 per 
cent sodium carbonate and 0.5 per cent hydrochloric acid in which 
the- substance seemed to be entirely insoluble. 

The physical appearance of the final products was practically iden- 
tical with that of preparations Nos. S and 9 of the albumoid from 
bone. It accorded also with the appearance of the material described 
by Morner. 

Records of analysis. — After purification in boiling alcohol-ether, 
as usual, the following analytic results were obtained for the two prep- 
arations made by us : 

Preparation A. 

Carbon and Hydrogen. 0.1998 gm. substance gave 0.3542 gm. COj = 48.35 
per cent C, and 0.1200 gm. H.jO = 6.72 per cent H ; o.iooS gm. sub- 
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stance gave 0.3538 gni. CO, = 48.06 per cent C, and 0.120a gin. HjO 

= 6.70 per cent H. 
Nitrogen. 0,1929 gm. substance gave 0.02786 gm. N — 14.44 per cent N ; 

0.3365 gm. substance gave 0.03396 gm. N = 14-36 per cent N. 
I'otal Sulphur. 0.3018 gm. substance gave 0.0393 gm. BaSOj =1-79 per 

cent S. 
Total Phosphorus. o.aSii gm. substance gave o.ooio gm. Mg,P,OT = o.io 

per cent P. 
Phosphorus 0/ the Ash. 0.0295 g™- ^^^ E*^^ 0.0012 gm. MgjPjO, = 0-06 

per cent P. 
Ash. 0.1998 gm. substance gave 0.0076 gm. Ash = 3.80 per cent Ash; 

0.2008 gm. substance gave 0.0070 gm. Ash = 3.44 per cent Ash. 

Pkkcentage Composition of tmb Ash -ritEE Substance. 

Average. 



Prepuatlon B. 

Carbon and Hydrogen. 0.2019 S^- substance gave 0.3644 gm. COj = 49.22 
per cent C, and 0.1254 gm. HjO = 6.95 per cent H ; 0.2027 8™- sub- 
stance gave 0.3679 gm. COj = 49.50 per cent C, and 0.1250 gm. HjO 
= 6.90 per cent H. 

Nitrogen. 0.4331 gm. substance gave 0,06276 gm. N = i4-49 P^r cent N ; 
0.4343 gm. substance gave 0.06307 gm. N — 14.52 per cent N. 

Total Sulphur. 0.5028 gm. substance gave 0.0661 gm. BaSO, = 1.81 per 
cent S; 0.5034 gm. substance gave 0.0665 8™- BaS04 = 1-82 per 
cent S. 

Ash. 0.4000 gm. substance gave 0.0120 gm. Ash = 3.02 per cent Ash; 
0.4009 gm. substance gave o.oiai gm. Ash = 3.02 per cent Ash. 

Pekcentagb Composition of the Ash-frhe Substance. 
C .S0.76 S1.0+ .... .... .... .... 50.90 
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These preparations possessed the same reactions as those sum- 
marized by us on page 354 from Morner's paper, and also those re- 
ferred to in some detail in connection with preparations Nos. 8 and 9 
of our osseoalbumoid. The reactions for loosely bound sulphur were, 
however, very much stronger for the cartilage preparations than for 
those prepared from the femur. On the other hand, sulphur obtain- 
able from chondroalbumoid, on boiling with 2 per cent hydrochloric 
acid, appeared to be less in comparative tests than for the bone 
products. 

The following summary brings into contrast the analytic averages 
for the atbumoid products from both sources : 



Elements. 


Preparation A. 


Chondroalbumoid 
Preparslion B. 


Average A-B. 


Average. 


C 
11 
N 
S 



50.02 
6.97 

14.94 
1.85 

Z6.2Z 


5a90 
7.14 

14.96 
1.86 

25.14 


50.46 
7.05 

14.95 
1.86 

25-68 


50.16 

7.aj 

16.17 
1,18 
25.46 



ConclasioDB from the data of analjai«. — The properties of this sub- 
Stance are found to be those ascribed to it by Morner. That it is not 
exactly the same as osseoalbumoid is indicated by its higher content 
of sulphur and its considerably lower content of nitrogen. The larger 
proportion of sulphur obtainable from it on cleavage with alkali has 
already been referred to. 

These differences are not sufficient, however, to prevent the con- 
clusion that the two substances are closely related members of the 
same class of proteids. 

The relative amount of the substance in cartilage appears to be 
less, as we have already said, than the proportion of osseoalbumoid 
in bone.^ 



' For facts regarding location of albumoid i 



artilage s 
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Summary of Conclusions. 

1. Osseous tissue contains a residual proteid substance, obtainable 
after hydration of the collagen, which is neither keratin nor typical 
elastin, although it resembles the latter body. 

This substance is present in bone in only comparatively small pro- 
portion, though apparently in greater relative quantity than the cor- 
responding constituent of cartilage. 

The average percentage elementary composition of the purest prod- 
ucts was found to be as follows, calculated for ash-free substance : ' 

c H N S o 

5ai6 7X0 16.17 1.18 25.46 

The analyzed products were free from organic phosphorus. 

The substance appears to be very similar to some of the albumoids, 
particularly to that from cartilage. It has therefore been termed 
osseoalbumoid. 

No attempts have been made to ascertain its location in the tissue, 
but it appears to be identical with the substance referred to errone- 
ously by Broesike as keratin and found by him in the lining of the 
lacunae and canaliculi. It is possible, also, that the elastic fibres of 
the bone have contributed substance to the preparations. 

2. Further investigation of the qualities of chrondroalbumoid con- 
firmed most of Morner's conclusions regarding it. 

In addition, its elementary composition has been determined, with 
the following percentage results for ash-free substance : 

C H N s o 



This product is likewise devoid of phosphorus in organic combi- 
nation. 

' Average of preparations Nos, 8 and 9, our purest producls. See page 349. 
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IS ADRENALIN THE ACTIVE PRINCIPLE OF THE 
SUPRARENAL GLAND? 

By T. B. ALDRICH. 

PROFESSOR ABEL has recently attempted to show ^ that adre- 
nalin, since it reduces Fehling's solution, is not identical with the 
native principle as found in the gland, since the former reduces 
Fehling's solution, while the latter does not. 

This lack of conformity of reaction, he claims is explained by the fact 
that adrenalin is a reduced form of the native principle, since in the 
method used by me for the isolation of adrenalin, hydrogen sulphide, 
a reducing agent, was used. To substantiate this contention that the 
native principle does not reduce Fehling's solution, Abel cites one of 
his previous papers,^ in which especial attention was given to this 
point, also other papers by v. Furth,' Fraenkel,* Moore,* and Metzger,^ 
alt of whom were unable to reduce Fehling's solution with their ques- 
tionable products supposed to contain more or less of the native prin- 
ciple. The failure of these products as obtained by these investigators 
to reduce Fehhng's solution might possibly be attributed to some dis- 
turbing substance which interferes with the reaction. It is probable 
that this assumption may be true in part, but it seems to me there 
are other reasons why these workers have failed to obtain the reduc- 
tion just alluded to: 

(i) In all of these preparations there is a possibility and a strong 
probability that partial oxidation of the native principle had taken 
place. Abel admits as much where he says,' in speaking of v. Furth's 

' Abel, J. J. : Johns Hopkins Hospital Bulletin, 1901, vii, p. 337. 
' AnHL, J. J.: Ibid, 1897, viii, p. 151- 

' VON FuRTH : Zeitschrift fiir physiologische Chemie, 1898, xxiv, p. 142. 
' Fraenkel; Wiener raedicinische Blatter, 1896, xxvi, p. 409. 
' Moore, B. ; Journal o£ phj'siology, 1895, xvii, p. xiv. 

' Metzger: Zur Kenntniss der wirksamen Substanzen der Nebennieren, 
Dissertation, Wiirzburg, 1897. 
T Abel : Loc. cil., p. 338. 
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iron salt: "The possibility of an oxidation in the preparation of this 
compound is not denied." The autoclave product as obtained by Abel 
may be, and no doubt is, a partially oxidized product or, at least, a 
product fundamentally changed from the native principle, but still 
having some properties in common with it. 

(2) It is a well known fact that the quantity of adrenalin, the native 
principle, in the gland, is very small — estimated all the way from 
0.05-0. t per cent, possibly more; therefore it is possible that too 
little of the native principle was present in the extracts of the various 
authors to obtain a perceptible reduction. For even adrenalin, the 
pure principle, requires about 0.5 mgm. (under conditions given 
below) to give a noticeable reduction, while with possibly disturbing 
substances, as is the case in the various extracts, it would presumably 
require more- 

I consider the failure of the various workers in this field to obtain 
a product capable of reducing Fchling's solution due to a changed 
form of the active principle, or to using too small an amount of the 
extract. All the extracts were more or less active in raising the blood- 
pressure, to be sure, but when one considers the small amount neces- 
sary to produce a marked rise in blood-pressure (o.oi mgm. produces 
a number of millimetres rise) as compared with 0.5 mgm. (50 times 
as much) — the amount necessary to produce a noticeable reduction 
— the facts I have advanced seem slill more probable. Neglecting 
all these more or less probable suppositions, we have the following 
to show : 

(i) That the active principle obtained in the form of an extract 
without the use of an oxidizing or reducing agent will reduce Fehllng's 
solution about proportionately to the amount of adrenalin present. 

(2) That the mother-liquor from adrenalin docs not reduce Fehling's 
solution except in comparatively large amounts. 

(3) That adrenalin prepared without the use of a reducing agent 
will reduce Fehling's solution. 

(4) That adrenalin, the copper-sulphate-reducing body, and the 
blood- pressure-raising body are identical. 

Preparation of an Extract of the Gland that Reduces 

Fehling's Solution. 

The finely divided glands were extracted in the usual manner with 

water heated to about 50-80° C. The united extracts were then 

boiled to coagulate extracted proteids, a little acetic acid being added 
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to facilitate this coagulation. After being freed from proteid as far 
as possible, the filtrate was evaporated in vacuo to a small volume, 
and then precipitated with 94 per cent alcohol which removed for 
the most part some amorphous bodies. The alcoholic solution could 
readily be decanted, as this precipitate, being gummy, adhered to the 
bottom and sides of the vessel. This alcoholic liquid w»s evaporated 
in vacuo again to a still smaller volume than at first, and again pre- 
cipitated, this time with strong alcohol. A body similar to the one 
previously obtained with alcohol was thrown down, and the alcohol 
removed by decanting in the same manner as above. The last alco- 
holic solution was evaporated in vacuo and the resulting more or less 
colored liquid was used for the reduction tests with Fehling's solution. 
The method employed in obtaining this extract, Abel claims, pre- 
cludes the occurrence of either reduction or oxidation, except in so far 
as the latter might be induced by exposure to air. 

All the reduction tests given below were carried out as follows: 
Five c.c. of the freshly prepared mixed Fehling's solution diluted 
with 50 c.c. of water, was placed in a casserole and brought to boiling. 
The reducing solution was then added, and the mixture boiled two 
minutes. When two or more milligrams of adrenalin were present in 
a solution the reduction was readily noticeable by inclining the vessel 
to one side without cooling. When, however, there was very little 
reduction it was necessary to allow the solution to cool and then 
decant carefully the liquid, whereby the faint reddish tinge caused by 
the reduced copper could be readily seen against the white back- 
ground of the casserole. If the reduction was very slight, the color 
became more noticeable by allowing a drop of dilute acid to flow across 
the bottom of the vessel. By this last method the faintest trace can 
be detected, and by its use I have been enabled to detect as little as 
0.5 mgm. of adrenalin in solution. The rapidity of reduction will 
depend naturally on the amount of reducing substance contained in 
the extract. Many extracts from different lots of glands were pre- 
pared according to the method given above, and each one promptly 
reduced Fehling's solution on boiling. We can draw but one conclu- 
sion from these facts: The extract as prepared above contains a body 
originally in the gland which reduces Fehling's solution on boiling. 
Now this body which causes this reduction may or may not be iden- 
tical with adrenalin, which also reduces Fehling's solution. If, how- 
ever, after the removal of adrenalin from this extract, it can be shown 
that what is left does not appreciably reduce this solution, it is certain 
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that this native principle and adrenalin are identical. This has vir- 
tually been done. 

Five CO. of extract prepared as above was diluted with H^O and 
made up to 50 c.c. — this was placed in a burette for convenience in 
measuring. 

The mixed Fehling's solution was placed in a casserole and heated 
to boiling, then measured portions of the diluted extract were added 
and boiled two minutes, eight tests being made in all, as follows: 

5.0 c.c, gave very marked reduclion. 0.2 c.c. gave faintest trace. 

1.0 cc. gave very marked reduction. 0.2 c.c, gave faintest trace, 

O.S cc gave marked reduclion, 0.1 c.c. gave tio reduction. 
03 c.c. gave noticeable reduction. 

The amount of reduction shown by any extract or the amount of 
adrenalin obtainable from an extract will depend, to a certain extent 
at least, upon the freshness of the glands from which the extract is 
prepared. 

Removal of Adrenalin, or the Native Principle, from the 
Suprarenal Extract, 

As in the preceding, 5 cc. of the original extract was taken, and to it 
10 c.c. of a saturated solution of pure sodium carbonate was added. 
A few drops of ether were added to facilitate the precipitation and, 
after agitating a little, set aside. The adrenalin was precipitated in a 
very short time. After allowing it to stand for two hours to be sure 
of as complete a precipitation as possible, it was filtered under suction, 
and the adrenalin washed first with water, then with absolute alcohol 
and ether in succession. The alcohol-ether wash fluid was caught 
separately. After allowing to dry thoroughly the adrenalin weighed 
01633 gm- (There was, no doubt, a little lost, as it is practically 
impossible to wash it thoroughly without dissolving some.) This 
adrenalin was dissolved in a little water to which a few drops of hydro- 
chloric acid was added and the solution made up to 50 cc. 

The reduction power of this solution was tested, as in the previous 
experiment, with the original extract, and with the same amount of 
Fehling's solution, same dilution, and boiling the same length of time 
(1-2 minutes). The results were the following: 

0,5 cc, gave very marked reduction, 0-2 cc, gave uncertain result. 

0.3 c.c. gave very noticeable reduction. 0.1 cc gave no reduction, 

0-2 c.c, gave uncertain result. 
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I wilt add that the rapidity of reduction depends on the strength or 
amount of adrenalin present. 0.5 c.c. of this strength of solution 
shows reduction in less than one minute, while 0.3 c.c. required a 
minute or more before it was noticeable. 



Mother-Liquor from Suprarfnal Extract after Removal of 
Adrenalin. 
The filtrate from adrenalin plus wash water (but not alcohol-ether 
wash liquid) was diluted to exactly 50 c.c. and its reducing power 
towards Fchling's solution also tested. This was carried out as given 
above with the following results: 

5 c.c. gave no reduction after boiling 2 mm.' 
10 c.c. gave no reduction after boiling 2 min. 
35 c.c. gave no reduction after boiling 2 min. 

On the Identity of Adrenalin, the Copper-Sulphate-Reducing 
Body, the Blood-Pressure-Raising Substance, and the 
Native Principle. 
It has been shown in another part of this paper that the removal 
of adrenalin from an extract of the suprarenal gland causes a diminu- 
tion in its reducing power as shown toward Fehling's solution ; in 
fact it has been shown that the adrenalin can be removed so com- 
pletely that the filtrate from the same, even in comparatively large 
amounts, is not capable of reducing Fehling's solution to any great 
extent. (I will add at this point that the reducing power of the 
filtrate also depends upon the precipitant used tn throwing out 
the adrenalin. When ammonium hydrate is used more adrenalin is 
obtained than when a saturated solution of sodium carbonate is 
employed, and in consequence the filtrate where the former is used 
contains less adrenalin, and therefore requires more of it to show a 
marked reduction of Fehling's solution.) Since in the previous 

' Usually I0-20 c.c. of the mother-liquor reduced Fehling's solution percep- 
tibly. Since, however, the amount of reduction depends on the quantity of adre- 
nalin present, and since this amount varies considerably, we should expect to (ind 
that the amount of molher-liquor required to cause reduction would vary also. Id 
the case cited above, 35 c.c. did not cause a perceptible reduction, which shows 
that the precipitation of adrenalin was very complete ; in other cases I found that 
10 c.c. would often give a faint reduction showing that more adrenalin remained 
In solution. 
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experiments adrenalin is shown to be the copper-sulphate- reducing 
body cither when isolated or in the original extract, it remains to be 
shown whether or not the reducing body is identical with the blood- 
pressure-raising body as well, and therefore the latter also identical 
with adrenalin. 

The following experiments were carried out to demonstrate the 
identity of the three substances: 

Two concentrated aqueous extracts (A) and (B), prepared from 
two different lots of bovine suprarenal glands, and in the manner 
previously described, were employed for this purpose. Five solutions 
of each were used, viz. : — 

I. Containing 5 c.c. respectively of ilie original concentrated extracts (A) 

and (B), diluted with water to 100 c.c. 
II. Containing 188.5 mgms. of adrenalin (A extract); 158.6 mgms. (6 
extract) dissolved in acidulated water and made up to 100 c.c. respec- 
tively. The adrenalin in each case was the total amount obtained from 
5 c.c. of the original concentrated extracts, 3 c.c. of a saturated solution 
of sodium carbonate being employed in each case to effect the precipita- 
tion. After allowing to stand for one hour, the precipitated adrenalin 
was collected on a filter and washed in succession with water, strong 
alcohol, and ether, and finally weighed. 

III. Consisting of the mother-liquors from (U) made up with water to 
100 c.c, none of the wash liquids being allowed to mix with these. 

IV. Containing respectively zoo mgms. of adrenalin (A extract) ; 193.4 
mgms. (B extract) dissolved, etc., as by (II). This adrenalin was also 
obtained from ; c.c. of the original concentrated aqueous extract, 3 c.c. 
of ammonium hydrate (10 per cent) being employed to effect the precipi- 
tation. The precipitated adrenalin was treated further as by (II) and 
finally weighed. 

V. Consisting of the mother liquors from (IV) made up with water to 
100 c.c, etc., as by (III). 

Blood-Pressure Experiments.^ 
In these experiments chloretone was used as the anesthetic, and 
sufficient time was allowed after each injection for the blood-pressure 
to assume its normal height. The solutions used in each case were 
made up from the stronger solutions previously alluded to, and were 
diluted for convenience and accuracy in measuring. The amount of 
dilution will be given under the proper heads below. 

' This work was carried out through the kindness of Dr. Mogk. 
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Exttaot (A) 

(i) I c.c. of (I) diluted to 100 c.c. Each c.c. of this solution contains 
0.0005 ^•^- ^°-^ ™g™-) of t'le original concentrated extract. This amount 
produced a rise of 19 mm. of mercury. 

(2) 1 c.c. of (II) diluted to 100 c.c. Each c.c. of this solution contains 
0.01885 "^g'n- i Q'*^ ^•^- of this solution contains 0.01131 mgra. and 
caused a rise of 12 mm. of mercury. 

(3) 10 c c. of (III) diluted to 100 c.c. Each c.c. of this solution contains 
approximately 0.005 c.c. (5 mgms.) of the original concentrated extract, 
the greater part of the adrenalin having been removed, and 0.5 c.c, con- 
Uining 0.0025 <=''^- f^'S mgms.), causes a rise of 17 mm. of mercury. 

(4) I c.c. of (IV) diluted to 100 c.c. Each c.c. of this solution contains 
0.02 nigm. ; 0.5 c.c. of this solution contains o.oi mgm. and produced a 
rise of 12 mm. of mercury. 

(5) 10 c.c. of (V) diluted to 100 c.c. Each c.c. of this solution contains 
approximately 0.005 *^c- (S mgms.) of the original concentrated extract, 
the greater part of the adrenalin having been removed, and 0.5 c.c. con- 
taining 0.0025 ^-^- C-'S mgms.) causes a rise of 12 mm. of mercury. 

Extraot (B). 
fi) I c.c. of (I) diluted to 100 c.c. f^ch c.c. of this solution contains 

0.005 '^■^- (°-S mgms,) of the original concentrated extract and produced 

a rise of 25 mm. of mercury, 
(i) I c.c. of (II) diluted to 100 c.c. Each c.c. of this solution contains 

0.01586 mgms. of adrenalin, and 0.5 c.c. containing 0.00793 mgms. 

produces a rise of 11 mm. of mercury. 

(3) 10 c.c. of (III) diluted to 100 c.c. Each c.c. of this solution contains 
approximately 0.005 *^-^' (S mgms.) of the original concentrated extract, 
the greater part of the adrenalin having been removed, and 0.4 c.c. con- 
tains o.ooj c.c. (2 mgms.) and produces a rise of 14 mm. of mercury. 

(4) I c.c. of (IV) diluted to 100 c.c. Each c.c. of this solution contains 
0.01934 mgms. of adrenahn, and 5 c.c. contains 0.00967 mgms. and 
produces a rise of 13 mm. of mercury. 

(5) 10 c.c. of (IV) diluted to too c.c. Each c.c. of this solution contains 
approximately 0.005 *^-^- (S nigms.) of the original concentrated extract, 
the greater part of the adrenalin having been removed, and 0.5 c.c. contains 
0.0025 '^■'^- {^'5 mgms.) and produced a rise of 10 mm. of mercury, 

Reduction Test with Fehi-ing's Solution. 
These tests were made in the manner previously described, and are 
comparative. 
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of (() gave a very posilive reduclion. 
ot (I) gave a very slight trace, 
of (I) gave Ihe meresl trace. 

of (11) gave a very positive reduction, 
of (II) gave a very slight trace, 
of (II) gave no reduction. 

of (HI) gave no reduction. 

of (HI) gave a faint reduction. 

of (II[) gave a very posilive reduclion. 

of (IV) gave a very positive reduction. 

of (IV) gave a very faint reduction. 

of (IV) gave the faintest trace of rcductioti. 



of (V) gave no reduction, 
of (V) gave no reduction, 
of (V) gave no reduction. 
of (V) gave a trace of reductio 



5 c.c. of (I) gave a very positive reduction. 
03 c.c. of (1) gave a slight trace of reduction 
0.2 c.c. of (I) gave Ihe slightest trace. 

of (II) gave a positive reduction. 
of (II) gave the slightest trace. 

of (III) gave no reduction, 
of (III) gave no reduction. 
of (lit) gave a questionable reductioi 

of (IV| gave a very positive reductio 
ot (IV) e.ive the slightest trace. 

of (V) gave no reduction, 
of (V) gave no reduction. 
of (V) gave no reduclion. 
of (V) gave a 



2S.0c 



estionable reduction. 



For convenience in comparison the results obtained above are 
tabulated on page 367. 

In each case the amount used in this table for injecting or for the 
reduction tests was calculated back to the first 100 c.c. solution, and 
each quantity is therefore this portion of that solution. 

In column (1) we have the results obtained from the original 
extract with all the inert material present; in columns (2) and (4) 
those obtained from the adrenalin gotten out of the same amount of 
extract (5 c.c.) as used in (i) ; in columiis (3) and (5) those obtained 
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367 



from the mother liquor after removal of most of the active principle, 
but which contained naturally a small amount of adrenahn. 

Comparing column (i) with columns (2) and (4) we notice that 
its reducing power is approximately the same as these and that 
its blood-pressure-raising property, when everything is taken into 
consideration, is also not very far removed from these. (2) and (4) 
should show less activity because they do not contain all of the 
adrenalin, as found in (1); this variation is readily accounted for by 
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columns (3) and (g) which show some activity. Now the results 
given in (2) and (4) were obtained from the adrenalin solutions, and 
since these results correspond so closely with those of (i), which 
contains the unaltered active principle, and whereas (3) and (5) have 
very little activity, it is evident that adrenalin is the blood-pressure- 
raising body, the copper-sulphate-reducing body, and therefore the 
active principle as found in the adrenal glands. 

It is also shown by this table that the adrenalin obtained by using 
a saturated sodium carbonate solution as a precipitant (2) shows 
practically the same results as that obtained by using ammonium 
hydrate (4). I will also state in this connection that the crystalline 
form of the two precipitates was identical. It was observed, how- 
ever, that ammonium hydrate usually precipitated the adrenalin more 
quickly than the sodium carbonate solution. 
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Conclusions. 

(i) All concentrated aqueous extracts of the suprarenal gland 
reduce Fehling's solution on boiling. 

(2) The adrenalin obtained from a certain amount of the aqueous 
extract reduces Fehling's solution approximately in the same propor- 
tion as the original extract from which it was obtained, 

(3) The mother liquor after removal of the greater part of the 
adrenalin, except in comparatively large amounts, does not reduce 
Fehling's solution. 

(4) Adrenalin is not a reduced form of the native principle, since 
it was obtained without the use of a reducing agent, such as hydrogen 
sulphide. 

(5) Adrenalin is the same whether obtained by using sodium 
carbonate solution or ammonium hydrate as a precipitant. 

(6) Epinephrin, and the other questionable products obtained 
from the gland, must be oxidized or at least a changed form of 
adrenalin, the active principle, since they do not reduce Fehling's 
solution. 

(7) Adrenalin is identical with the copper-sulphate-reducing body, 
the blood -pressure-raising substance, as found in the gland, and is 
therefore the active principle of the same, and not a modified or 
changed form, as Abel contends. 
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A CASE OF VOLUNTARY ERECTION OF THE HUMAN 
HAIR AND PRODUCTION OF CUTIS ANSERINA. 

By S. S. maxwell. 

CUTIS ANSERINA, goose-flesh, or goose-skin, is usually thought 
of as a purely reflex phenomenon. The contraction of the 
muscle fibres, the arrectores pilorum, in connection with the slant- 
ingly placed hair follicle, pulls the axis of the follicle into a position 
more or less perfectly perpendicular to the surface of the skin, causing 
the erection of the hair, and at the same time draws the whole mass 
of tissues surrounding the follicle toward the surface and causes the 
papule to protrude. The reflex may be brought about in various 
well known ways; e. g., by exposure of the skin to cold, by the play 
of the emotions under certain conditions or by mechanical stimu- 
lation of certain regions of the skin. 

The kind and amount of response to mechanical stimulation (rub- 
bing the skin with the wooden handle of a paper knife) has been 
studied especially by Fere.' Individual differences are very great. 
In some persons the goose-skin appears only in the region stimulated, 
in others it may extend over nearly the whole body. An example 
coming under my own observation will illustrate this. Three young 
men, college students, exercising in the gymnasium, had the upper 
part of the body naked. I stimulated each in turn by drawing the 
handle of a scalpel along a line about 5 cm. from the sternal midline 
and extending from the third to the seventh rib. In A., a slender 
and rather nervous individual, the reflex was strongly marked, the 
papules rising promptly on the back, arms, and legs. In J., of 
stronger motor temperament and vigorous health, no response could 
be obtained except along the line of stimulation. K., who is some- 
what phlegmatic, health good, gave no response on the arms, back, 
or legs, but the papules arose on a considerable region of the chest. 

It is also well known that great individual differences occur in the 

' Yt.y.t. : Comptes rendus de la Socidtd de biologie, [898, p. 341. 
369 
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readiness with which exposure to cold brings on the reflex. The 
same is true of the effect of the emotions. In some, the slightest 
physical fear brings up the papules; others experience the "creepy 
feci " produced by the hair movements, on reading a weird talc. One 
case is known to me of a lady who cannot listen to pathetic music 
without a succession of waves of contraction of the arrectores 
pilorum. 

Cases are known in which voluntary production of goose-skin has 
been stimulated by calling up mental images, either of the sensation 
of a chill, or of some emotion which had previously been associated 
with the production of the reflex. It is not improbable that in un- 
usually sensitive subjects it would be possible by practice to acquire 
a considerable appearance of voluntary control. So far as I have 
been able to examine the literature, no case of actual, direct voluntary 
control has been put on record heretofore, and the case herein 
reported appears to be unique. It is very probable, however, that, 
like voluntary control of the heart-beat, the publication of one case 
will call attention to others. 

For the past eight months there has been under my observation a 
clearly marked case of voluntary erection of the hairs and production 
of cutis anserina, and I desire now to make a partial report of the 
results of my observations. The condition can be presented at will, 
showing itself in from two to ten seconds from the instant of the 
volition and disappearing with almost equal promptness. It is seen 
upon those regions of the body upon which in normal individuals it 
appears on cooling or chilling the skin, being especially prominent 
upon the hips and thighs, the back and the arms. There is no 
oedema. There is not the slightest resemblance to factitious urti- 
caria or to any other of the well known reflexes sometimes seen in 
highly neurotic individuals. There is no marked change of color in 
the skin, only perhaps a very slight increase of pallor probably due 
to vasomotor changes described below. The condition is cutis an- 
serina pure and simple. (See Fig. t.) Where the hairs are relatively 
large, as on the lower part of the forearm, they can be seen coming 
up into a partially erect position as promptly and almost as decidedly 
as those on the tail of an angry cat. Where the hairs are minute 
one can see with a lens that they make a similar change of position. 
No one actually watching the performance doubts that the erection 
of the hair is produced by the contraction of the muscles, the arrec- 
tores pilorum, in connection with the hair follicles. Each papule 
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is plainly seen to have a hair at its apex. The condition extends 
to the scalp, but in lesser degree, and the head hair is too heavy to 
be actually erected. 

The subject of this unusual power is Mr. S. B. McQuown, a young 
man twenty-seven years of age, a student in Monmouth College. He 
became aware of the possession of this peculiarity when he was 
eleven or twelve years of age. He docs not think that it has changed 
in character or intensity since that time. He is afflicted with curva- 
ture of the spine, first noticed after a protracted illness in his fifth 
year. His hearing was impaired several years ago by disease follow- 
ing an attack of measles. He is color-blind to red. Notwithstanding 
these facts, his general health is good, 
and he cannot be classed as a neurotic, 
if that term has any definite meaning. 

The conditions just mentioned will 
probably be thought of as furnishing a 
basis for exaggerated reflexes or other 
nervous disturbances. A remarkable 
development of the dermal structures 
has probably much more to do with the 
phenomenon in question. Mr. McQuown 
has unusual control of the facial muscles. 

He moves the skin of the scalp freely \n a b 

various directions; he moves the ears Ffgure l.— Photographs of the 

simultaneously, alternately, or singly at '°'^"™' -^ i"" *«f°" ^""^ 
.,, ,, ' , , ' ., B luM after the aienal for 

will. He contracts the platysma myoides erection of the hairs, 

on either side singly or on both at 

once. In the muscles of his fingers and toes also the voluntary 
control is much more highly differentiated than in the average 
individual. These movements are not wholly nor very largely the 
result of practice. He discovered them by learning that they were 
possessed by his father. Indeed, if there is any difference, the father 
has the larger degree of development of the skin muscles. In most 
members of the family on his father's side there is a very decided 
tendency to extreme hairiness of the body, although he himself does 
not show that characteristic very strongly. His father is not able to 
erect the hairs voluntarily, but the condition can be produced reflexly 
with unusual ease. It is certainly deserving of attention that he pos- 
sesses side by side two characteristics which co-exist in a marked 
degree in so many mammals ; namely, a high development of the vari- 
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ous elements of the panniculus muscular structures and the power of 
erection of the hairs. 

The remarkable neuro-muscular development here presented re- 
minds one at once of the description of those persons possessing the 
power of voluntary acceleration of the heart-beat. I may mention 
here that Mr. McQuown is absolutely unable to control or in any 
way directly to alter the heart-beat or to change the position of the 
heart. The close relation existing between this and the cases of 
voluntary control of the heart, however, will be seen in other particu- 
lars, especially in the close connection between the vaso-motor and 
the pilo-motor nerves. 

Goose-flesh may be induced in some persons by the imagination of 
a chill or of some horrifying scene. This is certainly not the method 
used by Mr. McQuown. He is an intelligent student and takes a 
great interest in anything that tends to throw light on the explanation 
of the unusual power which he possesses. He has given every oppor- 
tunity possible within the limits of his time here for the study of his 
case. He is absolutely sure that he does not call into play the imagi- 
nation nor the emotions in bringing about the phenomenon. He does 
not "think a chill" nor picture some hair-raising scene. He affirms 
that he merely wills the erection of the papules, just as he wills the 
contraction of any skeletal muscle group, and the result follows the 
volition in the same way. 

He does not wait for a favorable moment when his sensations might 
lead him to know that the erection is about to occur spontaneously; 
but contracts and relaxes the arrectores pilorum at any desired mo- 
ment. In each of the accompanying kymograph tracings the lower 
line was made by an electrical signal operated by a spring key. A tap 
on the key depressed the lever and made a short slanting line. I had 
some portion of his body, usually the right forearm, under obser- 
vation. The moment for the erection of the papules was chosen by 
myself not by Mr. McQuown. When the erection was desired I pro- 
nounced the syllable " On," tapping the key at the same instant. The 
signal thus made is marked 5 in all the tracings. The instant that I 
saw the papules rising I tapped the key again, and the mark resulting 
is indicated by R on the tracings. The reaction time is shown by 
the time curve in which each double vibration equals two seconds. 
The voluntary cessation is more striking than the inception. The 
signal for cessation was the word " Off " and the corresponding mark 
on the tracings is S. The moment of complete depression of the 
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papules is marked O. It might be possible, but it is not probable, 
that at each word of command, repeated at frequent and variable in- 
tervals, mental images could be called up with such definiteness as 
invariably to incite the reflex. But it is scarcely possible that such 
images could be made to persist exactly so long as desired and to 
cease precisely at the desired instant. On the contrary, he is unable 
to produce the phenomenon by any amount of effort in calling up 
mental images or emotions of which the exciting cause is not present, 
or by imagining the sensation of chilliness. Concentration of the 
attention upon the appearance or the sensations of the skin does not 
produce the effect, although it does sometimes seem to make the 
erection of the papules easier. The phenomenon certainly comes as 
an act of will, just as in any other movement of the body. 

Although no predisposing sensation is imagined, a sensation, 
" rather pleasurable than otherwise " and somewhat like a light chilli- 
ness, accompanies the erection of the hair. The sensation seems to 
pass in waves from an indefinite place, sometimes on the upper lum- 
bar and sometimes on the lower cervical midline of the skin. This 
sensation gives some feeling of relief when the subject is suffering from 
headache and the frequent erection of the papules is resorted to on 
such, occasions for that purpose. 

That the phenomenon is caused by exposure of the body to a lower 
temperature than usual during the periods of observation is of course 
put out of the question by the facts already stated. The prompt ap- 
pearance and disappearance of the papules at desire could not occur 
if change of temperature were the exciting cause. Besides, I have 
repeatedly observed the erection when only a small portion of the fore- 
arm above the wrist was exposed by pulling up the coat sleeve a very 
slight distance. Just as in other individuals, however, exposure of hia 
skin to a low temperature does produce the goose-flesh reflexly. In 
this respect his skin is a little more sensitive than that of the average 
man, and he does not And shower baths or cold baths of any kind 
cnjoyable. 

The papules can also be raised reflexly by mechanical stimulation 
in the ordinary way, and the response is somewhat more extensive 
than in the average person. That the phenomenon can be produced 
reflexly, however, does not prove it to be reflex as opposed to volun- 
tary in all cases, any more than that (he muscles of a man's legs con- 
tract reflexly only because they can be made to do so by tickling his 
feet. 
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The erection can be continued for many minutes in succession, but 
as fatigue enters more effort becomes necessary. On watching the 
skin one sees that the papules frequently relax a little and then in- 
crease in size as if a new impulse had been sent to them. As the 
power becomes lessened by fatigue, these waves of motion become 
more obvious, and one can observe some relation between them and 
the respiration, although the fluctuating periods do not always coin- 
cide in number with the respirations, nor in time with any particular 
respiratory phase. The subject, so far as he can remember, has never 
through fatigue been unable to erect the papules, but when the power 
has been exercised for an unaccustomed length of time, the necessary 
effort becomes very great and a distinctly unpleasant feeling of inter- 
ference with the respiration is experienced. 

In attempting to discover the modus operandi of inciting the hair 
muscles to contraction, Mr. McQuown thought that a certain change 
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Figure 2. — Curve of respiration. 

in the character of the respiratory movements was necessary. A 
sensation is usually felt as if the chest is held rather more than usual 
in the inspiratory phase, and the breathing deepened or momentarily 
suspended. To test this and to ascertain the actual conditions num- 
erous pneumograph tracings were taken. In many of these a marked 
change in the respiration was shown and the change was not of the 
sort in his case found to be characteristic of mental attention. Fig. 2 
is an average example ; the lettering is as explained above. It 
soon became evident that these altered respiratory movements are 
not a necessary concomitant of the phenomenon, for tracings were 
obtained when the papules were as promptly and strongly produced 
as usual, but no apparently characteristic change occurred in the curve 
of respiration. Thus in Fig. 3 it would not be easy to show a con- 
nection between the respiration and the erection of the papules. An 
analysts of the conditions involved brought to light the fact that the 
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amount of respiratory disturbance depends largely upon the amount 
of fatigue incurred through repetition of the effort As fatigue in- 
creases the erection requires markedly more effort and the changes 
in the respiratory movements become very great. This, it is well 
known, is not without parallel in other voluntary actions. Fig. 4 is a 
typical respiration curve during fatigue of the power. At the mo- 
ment of relaxation there is not infrequently a momentary suspension 
of movement in the expiratory phase (Fig. 2), but this is by no 
means uniformly present. I am inclined to believe that the changed 
respiration is not a cause of the condition in the skin nor a medium 
through which a reflex is produced, but that the same nervous excita- 
tion may produce the effect in the skin alone, or may affect the skin 
and the respiration simultaneously. 

In connection with the foregoing, it should be noticed that imita- 
tion of the changes in the breathing, holding the breath, deepening 



FiouRE 3. Figure 4. — Respiration when power 

of erection is fatigued. 

the breathing, or increasing or decreasing the rate of the respiratory 
movements, did not in the slightest degree produce erection of the 
hair papules. 

In view of the fact that in the lower mammals erection of the hairs 
is often associated with reactions comparable to certain emotional 
states, it was interesting to ascertain whether in this case anything 
similar occurs. It has been already mentioned that it was not pos- 
sible by the imagination of causes for emotion to bring about the 
phenomenon. Nothing unusual could be discovered as to the effect 
of fear, sympathy, music, or other exciting cause of emotion, except 
in one particular: namely, that in witnessing an interesting football 
game the papules are erected most of the time, or can be brought up 
with unusual ease. 
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Langley^ observed that in the regions in which erection of the 
hairs is obtained in the cat on stimulation of the sympathetic, the 
small arteries at the same time disappear from view and the skin 
becomes pale in consequence. This vaso-motor effect was seen to 
extend into lateral regions where no erection of the hairs occurred. 
Direct observation failed to show with certainty any change in the 
cutaneous vessels of Mr. McQuown during erection of the papules, 
although a slight appearance of increased pallor could usually be 
observed or imagined. On account of the distinctness with which 
they could be seen, especial attention was directed to the smaller 
vessels in the ears; but little could be detected with certainty until 
the following plan was used: The observations were made in an 
apartment lighted by a single north window, or else in direct sunlight. 
The observer was provided with a black pasteboard tube 245 mm. 
long and 20 mm. in diameter. The subject was seated between the 



Figure 5. — Pleihysmogtaphic 



observer and the window, and the tube was applied to the ear in such 
a way that the relative amount of blood in the ear was indicated by 
the depth of the pink glow. An assistant kept watch of the skin of 
the arm. The subject varied the condition of the skin at will and the 
observer and assistant kept watch of the ear and the skin respec- 
tively and later compared notes. It was possible in this way to 
prove that vaso-motor changes invariably accompany the erection of 
the hairs. 

The vaso-motor changes were farther studied by the aid of a finger 
plethysmograph of the form devised by Professor Angell of the 
University of Chicago and with it absolutely definite results were 
obtained. The tracings show that invariably the erection of the 
papules is accompanied by a reduction in the volume of the fingers. 

' Lanulky : Journal of physiology, 1900, xxv, p. 46^. 
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This is in perfect accord with Langlcy's observations that in the cat 
erection of the hairs is accompanied by contraction of the arterioles 
and that the vaso-motor action is more extensive in area than the pilo- 
motor. Fig. 5 is a sample tracing with the plethysmograph. Curve 

1 was made by the tambour connected with the plethysmograph; 

2 is a base line drawn for ease of comparison; 3 and 4 are identical 
in meaning with the corresponding curves in the respiration tracings. 
Without a single exception the curve falls in erection and rises at its 
close. During voluntary acceleration of the heart-beat there is a 
similar vaso-motor change; the blood-vessels of the skin contract 
and the volume of the extremities decreases.^ In those cases, how- 
ever, the constricted condition of the blood-vessels continues for some 
time after the heart-beat has returned to the normal. This is not 
true after erection of the hairs. The rise in volume of the fingers at 
the time of relaxation of the hair muscles is as prompt as the de- 
crease at the moment of their contraction. 

During erection of the papules, changes usually, or perhaps always, 
occur in the pupil of the eye. The observation of these is com- 
plicated and rendered difficult by the fact that the pupil dilates 
markedly during attention to anything requiring effort, the erection 
of the papules included. Thus when I asked Mr. McQuown to give 
the factors of .r* — _/, or to erect the hairs, the pupil dilated very 
similarly in the two cases. In numerous observations, however, I 
have never found the dilatation to be absent, at least at the moment 
of the beginning of the erection. The pupil docs not always remain 
dilated during the whole period of the phenomenon. It usually un- 
dergoes considerable oscillation. These oscillations are probably 
connected with the wave-like changes in the prominence of the pap- 
ules already referred to in connection with the respiration. It seems 
quite probable that the relation between the pupil dilator and the 
vaso-constrictor elements so well known by experiment on the lower 
animals obtains here also. The oscillations of the pupil would 
naturally be more marked and the dilated condition less constant 
than the corresponding constricted condition of the arteries, and 
hence a dancing of the pupil couid occur during erection of the hairs 
while the calibre of the blood-vessels remained relatively constant. 
One remembers in this connection also the exaggerated dilatation of 
the pupil of the cat during erection of the hairs in anger or fright. 

' Tarchanokp ; Archiv fiir dii: gesammte Physiologic, 1885, xxxv, p. 109. 
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Do the arrectores pilorum in this case contain striated muscle 
fibres? Nearly every competent observer of the phenomenon has 
asked this question. In order to secure an answer Mr. McQuown 
volunteered to submit to a biopsy. Doctors Patton and Linn, prac- 
tising physicians of this city, kindly performed for me the operation 
of removing a small piece of skin from the anterior surface of the thigh. 
The portion selected contained two papules and included the entire 
depth of the skin down to the subcutaneous tissue. The piece was 
hardened, embedded in parafHne and sectioned perpendicularly to the 
surface in the plane of the muscle bundles. The sections do not show 
anything unusual or abnormal. The muscles were very distinctly 
seen to be made up of the ordinary plain fibres. No striated fibres 
were present. The muscle bundles seem, possibly, a little larger 
than is usual, but I cannot speak positively on this point because (i) 
I have not had sufficient opportunity to compare sections from the 
same region of the skin in other individuals and (2) only two papules 
were observed and no valid conclusion could be based on so limited 
an observation. 

Recurring now to the question whether the erection of the hairs is 
to be considered a voluntary act or a reflex voluntarily initiated, the 
fact that plain and not striped muscle fibres are concerned makes 
no essential diHerence. It is well known that there are certain 
striated muscles which in the great majority of men and lower ani- 
mals are wholly beyond the control of the will. The classification of 
plain muscles as " involuntary " and of striated as " voluntary " is 
clearly unscientific. A classification based on reaction time and the 
rate of movement during contraction is more rational, since striated 
muscles occur where prompt and rapid movement is necessary. The 
reaction time for the hair muscles was, in this case, three or four 
seconds, probably twenty-five times as long as for the skeletal mus- 
cles. This is the only essential difference in the response to the vol- 
untary impulse, presented by the two kinds of muscular tissue. 
Striated muscles are usually voluntary, plain muscles involuntary ; 
but there is no a priori reason why the reverse could not be true, and 
we now have exceptions on both sides. It seems to be not improb- 
able that further observation will bring to light other instances of 
voluntary control of non-striated muscle. 

I wish here to make acknowledgment of my indebtedness to Dr. 
Lingle of the University of Chicago and to Dr. Hyde of the Rush 
Medical College for valuable suggestions and assistance in the study 
of this case. 
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The results of my observations on this case may be briefly sum- 
marized as follows : 

1. The erection of the papules can be brought about voluntarily. 

2. The voluntary control of the arrectores pilorum seems to be 
correlated with an inherited, unusual neuro-muscular and dermal 
development. 

3. The erection of the hairs is in this case accompanied by vaso- 
motor changes of such nature that the vaso-constrictors are stimu- 
lated while the arrectores pilorum are contracted. 

4. Dilatation of the pupil occurs during the period of erection. 
The dilatation is most marked at the beginning of the erection and 
is very inconstant as to amount. 

5. Modifications of the respiratory movements usually accompany 
the phenomenon, but are not necessarily connected with it. 

6. The arrectores pilorum do not contain striated muscle. 
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ON THE LYMPHAGOGIC ACTION OF THE STRAW- 
BERRY, AND ON POST-MORTEM LYMPH FLOW. 

By LAFAYETTE B. MENDEL and DONALD R. HOOKER. 

[From tht Skcffiild LaboralBry of Physiologicai Chtmitlry, Yali l/iiaiiriity.\ 

IN his classic investigations on lymph formation, Heidenhain • as- 
sumed that the active constituents of his lymphagogues of the 
first class (peptone, extracts of leeches, Crustacea, etc.) produce 
their particular lymphagogic influence by stimulating the endothelial 
cells of the blood capillaries, and that the latter thus exert a secre- 
tory function which results in the formation of lymph. He remarked 
that the aetiology of the urticaria which sometimes follows the inges- 
tion of Crustacea in the diet might be disclosed by such exj^riments 
as he carried out in this connection. In addition to this urticaria 
there arises not infrequently a diffuse oedema of the skin in certain 
regions. Similar symptoms are repeatedly observed in susceptible 
individuals as consequences of eating various forms of "shell-fish," 
such as oysters, crabs, lobsters, etc. They also occur occasionally 
after ingestion of berries, more particularly strawberries. Heiden- 
hain has demonstrated the lymphagogic action of the former group; 
and we have examined the strawberry in order to learn whether com- 
parable effects may be produced experimentally by this vegetable 
product. Since our attention was first directed to the subject, 
Clopatt^ has published his observations on the lymph flow from the 
thoracic duct after intravenous injections of strawberry prepara- 
tions. He observed that berry extracts introduced into the circula- 
tion of dogs exert an unquestionable lymphagogic action. Since such 
extracts contain sugar and inorganic salts, both of which have lymph- 
agogic action when introduced in suflicient quantity into the blood- 
stream, it was necessary to take them into consideration. Clopatt 
showed that the quantities of these crystalloids present were (ac- 
cording to Heidenhain's experience) far too small to produce the 

' Heidknhain : Archiv liir die gesammie Physiologic, 1S91, xlii, p, 209. 
' Cloi'att: Skandinavisches Areliiv fiir Plij-siolociL-, 1900, x, p. 403. 
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results obtained with the strawberry extracts. Furthermore he 
injected solutions containing comparable quantities of sugar and 
salts, and failed to note any equally marked increase in lymph flow. 
No observations on other phenomena were reported ; and the attempt 
to isolate the active constituent has not yet been successful. 

In the present experiments, the details of which need not be re- 
peated here, the observations of Clopatt were repeatedly verified. 
We determined, however, to investigate some other features of lymph 
production after injection of strawberry extracts, in order to obtain 
additional evidence that the action of this material is in fact compar- 
able with that of the other lymphagogues of Heidenhain's first class 
— and not entirely due to the crystalloids present in the berry. In 
bringing about an acceleration of lymph flow the latter substances, 
represented by dextrose, sodium chloride, etc., give rise to a fluid 
which is, if anything, less rich in dissolved substance than the lymph 
normally flowing from the duct of the same animal. The other known 
lymphagogues, which include a number of miscellaneous substances, 
have in common their peculiar action in provoking lymph flow; the 
lymph to which they give rise, is, however, regularly found richer m 
solids than the corresponding normal lymph. Furthermore these 
substances exert no such diuretic action as do sugar and the inor- 
ganic salts referred to; and some of them (albumoses) produce a 
marked fall in arterial pressure. Attention was accordingly directed 
to differences of this sort ; and a few observations on post-mortem 
lymph formation have also been made. 

Expeilmetits. — In the following illustrative experiment selected 
from our protocols, a dog of twenty kilos was anesthetized by in- 
halation of chloroform-ether after subcutaneous administration of 
morphine (15 cgm.) and atropin (15 mgm.). Lymph was collected 
from the thoracic duct ; blood samples were removed from a femoral 
artery; the urinary flow was noted by means of cannulas in the ure- 
ters ; and arterial blood-pressure was recorded with a mercury man- 
ometer. The details of the methods applied have been described 
elsewhere.' The dog had fasted for twenty-four hours previous to 
the experiment. Three injections with "strawberry extract" were 
made into the right facial vein. The extract was prepared by boiling 

' See Chittenden, Mendel, and Henderson: This journal, 1898, ii, p. 142; 
also Studies in phy.siologlcaj chemistry, edited by R. H. Chittbm>en, 1901, p. 279. 
Many observations on the action of lymphagogues are given in this paper, which 
includes a review of the 1 
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forty grams of desiccated berries with two hundred and fifty c.c. of 
water and straining through cloth. The results are given in the 
table. 



Lymph 
:onected 



I^mph- 
dowin 



1Z.Z5 
1ZZ5-1ZJS 

12JS-1Z.4S 
12.4S-12.SS 
12.5S-1.(IS 
l.US-1.15 
1.15-1.2S 

1.27 
1.Z7-1J7 

U7-1.47 
1-47-1.57 
1.57-2.07 
2,07-2.17 

2,20 
2.2O-2.30 
^30-2.40 
2.4<>-2.S0 
2J0-3.00 
3.00-3.10 
3.10-3.20 
3.20-3.27 

3.25 



12.03— 6in 
12.08 — 10 m 
1219— 5 m 



Injection of 25 c.c. iiranrberTy extract (30' C). 





17.0 


7.59 


0.6 




11.8 


7.34 


none 




6.4 


7.17 


0.9 




3.7 


6.80 


1.5 




1.9 
IJ 


|652 


1.4 
1.0 



12.27- 
12.28- 
12JS- 



12.40 — 20 h 
12.50— Ih 
12.56-1311 



Injection of 43 c.c. strawbeiry ei 





3.2 


6.55 


4.0 




1.7 

2.0 


|6.7S 


3.7 

2.5 




1.9 
08 


|6.S3 


0.7 
0.2 



Injection of SO c.c strawberry extract (30° C). 





4.2 
2.7 


56.65 


4.7 
2.0 




2.1 
2.0 


>647 


as 

0.2 




3.2 ' 
3.2 


>657 


none 


4.2 


6.0 


6A1 


2.8 



The blood-pressure falls suddenly and the dog is dead at 3.27. 
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TABLE (coHtinutd). 



Time. 


ia. 


at 

10 min. 


Total 
aolids ID 

pTct. 


Blood-clotting time. 


3.27-337 




2.0 










3.37-3.47 




2.0 




6.88 






3.47-3.S7 




1.6 








pM^-mortam lymph. 


3i7-V.27 
4.27-4.S7 


2.0 
1.0 


0.7 
03 


1- 








After 5.00 the lymp 
The lymph collecte. 


I ceased to flow. 
I2.25-I.0S is reddish, and dsis net dot. 



It will be observed that the acceleration of lymph flow was rather 
greater after the first injection than after subsequent ones. The 
effect of the extract in retarding the coagulability of the blood and 
lymph was likewise scarcely notable after the later injections. This 
fact accords with the observations frequently made on the "immun- 
ity" which is obtained towards repeated injections of other lymph- 
agogues.' The effects on blood-pressure resembled those obtained 
after albumose injections, although the recovery from fall of pressure 
was rather rapid and each succeeding injection was less efficient than 
its predecessor. The tracings from this experiment are reproduced 
on p. 384. 

Chemical examination of the strawberry extracts agreed with 
Clopatt's observation that the quantities of sugar and salts present 
in the volumes of extract used were too small to bring about the 
marked results on lymph flow noted. Analyses of twenty varieties of 
American strawberries have given the following averages :^ 



Water . . . . 




90.52 


Ash 


. . 062 


Dry matter . . . 




9,48 


Crpdc fibre . . 


. . 1.55 


Glucose and cane 


ugar 


5.36 


Ether extract . . 


. . 0.64 


Free acid, as malic 




1.37 


Crude protein 


. . a99 



■ See Chittenden, Mendel, and Henderson: Loc. cit.; also Spiro and 
Ellikger : Zeilschrift fiir physiologische Chemic, 1897, xxiii, p. 121. 

* Stone, W. E. : Bulletin of the agricultural experiment station of the Uni- 
versity of Tennessee, 1889, ii, p, 77. 
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Assuming from these figures that one-half of the desiccated berries 
was made up of sugar, the maximum dose introduced in the largest 
injection would not exceed 0.2 gm. per ki!o.^ The accelerated flow 
of a lymph richer va. solids, together with diminished coagulability of 
the blood, fall in pressure, etc., were similarly observed in other ex- 
periments. Thus, in various respects studied, the action of strawberry 
extract resembles that produced by other typical lymphagogues of Heid- 
enhain' s first class. 

poBt-mortem lympli flow, — The animal employed in the experiment 
just described died at 3.27 after a few respiratory efforts. The lymph 
however, continued to flow as indicated above, until 5 p. m. with an 
increasing content of dissolved solids. More striking, perhaps, were 
the observations made in another experiment. A dog of fourteen 
kilos had been prepared as in the preceding case. The animal had 
received two injections of strawberry preparations at intervals, viz., 
(i) an alcoholic extract (25 c.c.) of dried berries, and (3) 50 c.c. 
strawberry juice neutralized with NaOH. There was a transitory 
fall in blood-pressure in each case, but no noticeable effect on the 
clotting time of the blood, the latter being very short in every trial. 
Accordingly in order to ascertain whether this animal was naturally 
" immune," a test injection of five grams of Witte-pepton dissolved 
in fifty c.c. of water was made. The flow of lymph was greatly ac- 
celerated, but there was no delay in, blood clotting. Eight minutes 
after the last injection the dog was killed by blowing air into the 
facial vein. The lymph continued to Jlo'w for four hours, without any 
external mechanical assistance. The table on p. 386 gives the data of 
interest in this connection. 

These observations on the prolonged flow of concentrated lymph 
after somatic death are of interest in connection with the studies of 
Asher and Gies.' They noted an accelerated post-mortem flow of 
lymph following intravenous injections of sugar, and point to this 
fact to demonstrate that the lymph formation cannot be the con- 
sequence of capillary blood-pressure. The old filtration hypothesis 
has thus received its final blow. If the results are to be explained on 
a purely physical (in distinction from a "physiological ") basis, they 
must be looked upon as the effect of the diff"usion processes provoked 
by the crystalloid introduced. Fluid passes from the tissues into the 

' Cf. Clopatt : Loc. cit., p. 407. 

^ AsuEK and Gies : This journal, 1900, iii, p. xix : Zeitschrift for Biologic, 
[900, xl, p. 207. 
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lymph channels, the osmotic pressure of the sugar playing the im- 
portant rfile in calling forth the stream of lymph. Asher and Gies 
add, however, that other possibilities might be drawn upon in ex- 
planation ; and in calling attention to the parallelism between post- 
mortem lymph formation and post-mortem salivary secretion they 



Ximc And conditions. 


Lymph-flow in 
10 minutes. 


ToUl 
solids in 
lymph. 
Percent. 


Before injection 

After injection of the alcoholic atrawbenry 
eitract 

After injection of the neutralized straw- 
After injection of 5 gtns. of Witte-peptone 

Post-mortem lymph-flow in tuccessive pe- 
riods of 10 minutes. 


4.4 

5.5 

133 
very large 

10.1,6.9.4.0,2.5.23,1-7 

2.0. 2.a 1.5, 1.5. 1.0. 1.0 

0.8.0.6,06.0.4,03.0.2, 
0.1. 0-1, 0.1. a2, 0.05, 0.05 


4J7 
5.Z8 

633 

7.78 

9J)2 
8.61 
[a62 




Third and fourth hours 


The lymph collected post mortem did not clot. 



suggest that distinctly " physiological " processes are involved in each 
case. Our own observations on post-mortem lymph flow produced 
by lymphagogucs of a different class give support to this view and 
further emphasize the fact that we are not yet ready to deny the 
specific importance of the living (or surviving) cells for such physio- 
logical phenomena.' 

' Cf. Moore and Parkek : This journal, 190Z, vii, p. 29t. 
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THE NUCLEOPROTEID OF THE SUPRARENAL GLAND. 

By WALTER JONES and G. H. WHIPPLE. 
\^From the Laboratory of Pkysiolagital Ckimistry, Jshitx Hopkiiit l/nniertUy.\ 

THE great variation in the relative quantities of xanthine bases 
which are produced by the hydrolysis of nucleic acids finds a 
rational explanation in Kossel's' assumption that there are four 
nucleic acids each of which yields only one base. If this view be 
accepted it follows directly that these four nucleic acids, unless by a 
curious coincidence, must differ in the relative ease with which they 
are formed or decomposed under a given set of physiological con- 
ditions so that any one may preponderate or be entirely wanting in 
a tissue and the xanthine base which is formed by its decomposition 
will be found in relatively large amount or fail to make its appear- 
ance among the hydrolytic products of the mixture. This theory 
of Kossel, if it may be so termed, is greatly strengthened by Bang's 
discovery of guanylic acid,^ a nucleic acid obtained from the pancreas 
which, as its name indicates, yields only one xanthine base. 

One might on first thought be inclined to the opinion that Bang 
was fortunate in examining a tissue in which three nucleic acids are 
incapable of existence, but a closer inspection of the method of prep- 
aration which he employed will suggest the possibility that guanylic 
is the only one of the four acids which could withstand the severity 
of the process, and that this interesting substance may in reality be 
a laboratory product.^ 

If this view of the matter be correct, guanylic acid should alone 
survive when any mixture of nucleic acids which yields guanine 
among its hydrolytic products is submitted to Bang's method. 

The tissue which is best adapted to such an investigation is clearly 

' KoKSRL und Neumann: Ikrichie dei deulschen chemischen Gesellscliaft, 
XJivi. p. 2754. 

^ Hang: Zeitsclirift fiir physiologische Chemie, xxvi, p. 133. 

' Baxg heated his material with 2 per cent caustic potash for half an hour at 
the temperature of Imtling water. 

*^3 



,y Google 



424 Walter Jones and G. H. Whipple. 

suggested by a publication of Okerblom^ which appeared under the 
title "The Xanthine Bodies of the Suprarenal Gland." Okerblom 
treated the finely divided glands with water for two days at the body 
temperature and after heating to coagulate the proteids, the aqueous 
extract was faintly acidified with acetic acid and evaporated to a 
small volume at 35°-40'' under diminished pressure. There was 
formed a crystalline sediment which was found to consist mainly of 
xanthine, while i-mcthylxanthine and hypoxanthine were found in 
smaller quantities, and epiguanine and adenine could be shown by 
qualitative tests, there being an insufficient amount of material for 
analysis. The complete absence of guanine is distinctly noted, a 
fact which is readily explained by what has already been stated, viz., 
that while other nucleic acids were decomposed even by such careful 
treatment, guanylic acid remained intact and might be found among 
the by-products. 

On the other hand Schmtedeberg^ has taken the ground that in the 
case of salmon nucleic acid residues of both guanine and adenine are 
contained in the one molecule. In view of these circumstances it 
seemed to us that an investigation of the phosphoproteid of the 
suprarenal gland and the products of its hydrolysis under various 
conditions could scarcely fail to yield interesting results. 

Preparation of the Nucleoproteid of the Suprarenal Gland. 

Sheep suprarenal glands were collected (about 200 at a time}, 
trimmed of fat, ground in a machine, and preserved in 70 per cent 
alcohol. When a sufficient amount of material had been thus ob- 
tained the alcoholic fluid was pressed through linen and the residue 
treated in turn with 95 per cent alcohol, absolute alcohol, and ether, 
and after drying in the air, was ground to a fine powder. About one 
fourth of the total nucleoproteid of the gland remains in the first 
alcoholic fluid and can be recovered by a suitable process; but as 
the product obtained from this source is always rich in inorganic salts 
it had best be neglected. 

The dried gland was made into a paste with 2 per cent ammonia 
and allowed to stand for an hour, when the fluid was pressed through 
linen and the residue extracted in the same manner with water. The 

' Okerblom : Zeitschrift (ur physiologiscbe Cliemie, xxviii, p. 60. 
^ ScKMii^uEiiERo: Archiv ftir experimentelk Pathologic und Pb^rmakologie, 
xliii, p. 57. 
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united extracts formed an emulsion impossible to filter and giving 
no sediment when submitted to centrifugation. The vessel contain- 
ing the fluid was placed in cold water, and acetic acid was added a 
few drops at a time and with continual stirring until the fluid showed 
a marked acid reaclion to litmus. A small quantity of dark slimy 
material was precipitated, which settled rapidly, leaving a perfectly 
transparent bright reddish brown fluid whose color becomes much 
darker on exposure to the air, — a phenomenon which is attributable 
to the oxidation of the physiologically active constituent of the gland. 
The liquid was filtered off and poured into four times its volume of 
95 per cent alcohol, when the nucleoproteid was precipitated per- 
fectly white and flccculent, leaving all traces of coloring matter in 
the solution. The precipitate was washed repeatedly by decantation 
with large volumes of 95 per cent alcohol, then with absolute alcohol, 
and finally with ether. 

The substance thus obtained is a perfectly white amorphous powder 
which is soluble in water with the greatest ease. It gives off ammo- 
nia when treated with caustic potash in the cold, but was shown both 
by a check test and by special reactions to be free from ammonium 
acetate. The proteid yields about 4^ per cent of ash, which was found 
to consist mostly of silica and which contained only a trace of inor- 
ganic phosphates. 

This substance, which is evidently an ammonium salt, was dis- 
solved in water, and the solution was treated with extremely dilute 
acetic acid as long as the reagent caused an appreciable increase in 
the bulk of the precipitate formed. An equal quantity of dilute 
acetic acid was then added. The precipitate was filtered off, washed 
with water which had been acidified with acetic acid and rinsed 
into a tall cylinder where it was successively washed by decanta- 
tion with large volumes of 95 per cent alcohol, absolute alcohol, 
and ether. 

The nucleoproteid thus prepared is only slightly soluble in water, 
but dissolves instantly on the addition of a trace of caustic soda or 
ammonia, and is precipitated from a faintly alkaline solution by acidi- 
fication with acetic acid. This precipitate requires a large excess of 
acetic acid to effect its solution. A solution of the proteid in 2 per 
cent ammonia yields no precipitate upon acidification with acetic acid. 
Such a solution was poured into four volumes of 95 per cent alcohol. 
A flocculent precipitate was produced which, on drying with alcohol 
and ether, was found to be easily soluble in water. 
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The protcid responds well to the xanthoproteic and biuret tests, 
but gives Millon's reaction very poorly. 

The yield of nucleoproteid is quite variable. In one experiment 
we were able to prepare 6 gms. of the substance from 100 gms. of 
the dried gland, but in order to obtain this maximum yield the glands 
must not be allowed to stand for any great length of time, especially 
in a warm place. The easy decomposition of the nucleoproteid while 
in the gland is strikingly shown by the fact that the residue from 
many pounds of suprarenals which had been exhausted with water 
acidified with acetic acid, contained so small a quantity of nucleo- 
proteid as to be useless for our work.' Nevertheless the pure nucleo- 
proteid may be allowed to stand dissolved in ammonium acetate and 
acetic acid without any appreciable decomposition. 

The yield from the suprarenal gland of the beef is markedly less 
than from that of the sheep, being rarely above 2 per cent of the 
dried gland. The products from these two sources, however, have 
the same chemical composition, and in so far as we have been able 
to observe yield the same hydrolytic products. 

On the Chemical Character of the Nucleoproteid. 
Below are given the results obtained by the analysis of three 
specimens of nucleoproteid, obtained by the method described above, 
from the suprarenal gland of the sheep, the suprarenal gland of the 
ox, and the pancreas of the pig respectively. For the purpose of 
comparison we also quote Hammarsten's' analysis of the pancreas 
nucleoproteid which he obtained by a somewhat different method 
and from which Bang^ prepared guanylic acid. We are well aware 
that analytical concordances are often simply due to similarity of 
method, but we propose to show that the agreement in this instance 
extends to the hydrolytic products. 

Nucleoproteid from Huprarenal gland of tbe sheep. 
0.2649 S"'- g^^^ o-ooSS 8'"- of ash = 2.08 percent. 
0.2140 gin. gave 0.3550 gm. of CO^ and 0.1150 gni. of HjO. 
0-3368 gm. gave 0.0567 gm. of Mg^P-.O,. 
0.2167 g™- required ii.ji c.c. of H;SO< (i c.c. ^ 0.03392 gm. of N.) 

' This material was kindly submitted to us by Messrs. Armour & Co., who 
obtained it as a by-product in the prtparation of an extract of the gland for 
Ur. Abel. See ISulleiin of the Johns Hopkins Hospital, March, 1902. 

' Hammarsten: ZciLschrift fiir physiologischc Chemie, xix, p. 19. 

• Bang ; Loc. cit. 
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Naoleoprot«id from auprarenal gland of beef. 
o-3'68 gm, gave 0.0059 g"'- "^ ^sh = 1.86 per cent, 
0.2458 gm. gave 0.4140 gni. of COj and o. 1385 gm. of HjO. 
0.3279 gm. gave 0.0555 g">- of MgjP.O,. 
0.2341 gnu required 12.09 ^-^^ of H...SO,. 

ITaolftoproteid from panorau of pig. 

0.4004 gm. gave 0.0088 gm. of ash = 2.20 per cent. 
0.2271 gm. gave 0.3683 gm. of COj and 0.1359 S""- '^^ H;0. 
0.4026 gm. gave 0.0729 gm. of MgjPjO;. 
0.1897 £"'■ required 9.53 c.c. of HjSO,. 

Nucleoproleid of 
suprarenal gland 

C 46.22 

II 6.10 



N 17.92 MZl. 17.42 17.39 

We have hitherto used the term " nucleoproteid " to include all 
compound proteids which yield the decomposition products of 
nucleic acids. The word is often used however in contradistinction to 
" nucleohistone." Lilienfeld ' prepared from an aqueous extract of the 
thymus, two phosphoproteids, one of which he called nucleoproteid 
and the other, nucleohistone. Since Lilienfeld's work these two 
proteids have occupied the attention of several chemists whose dif- 
ferences of opinion upon many essential points have caused the 
matter to fall into a state of almost hopeless confusion. Bang^ 
claims that nucleohistone has no existence and that the aqueous 
extract of the thymus contains a nucleoproteid, a histone, and a 
nucleic acid. Kossel^ flatly denies the logic of Bang's contention, 
and claims that analogous arguments might be employed to prove 
that sodium chloride docs not exist. Malengreau separates the two 
proteids by fractional precipitation with ammonium sulphate and 
finds that both arc nuclcohistones, since both yield histone on 
hydrolysis. 

' Lilienfeld: Zeitschrift fiir physiologische Chemie, xviii, p. 478- 
'■ Bang: Zeitschrift fiir physiologische Chemie. xxx, p. 508. 
' Kossrl: lhi<i., p. 520. 
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While these and other points are still subjects of contention, most 
or all writers on the subject agree that the two proteids differ markedly 
in chemical composition as shown in the following table. 



Nucleohistoiie 43.66 6,90 18.36 3.77 

Nucleoproteid Sl.W 7.37 16.48 0.94 . 

If composition alone be considered, our nucleoproteid falls clearly 
within the group of nucleohistoncs. 

On the other hand Huiskamp,' whose analyses we have quoted, 
states as a characteristic difference between the two proteids (and 
one on which he bases his method of separation) that the nucleo- 
histone is precipitated from a solution in water by the addition of 
calcium chloride in such an amount that the solution contains o.i 
per cent of the salt. 

A s per cent solution of suprarenal nucleoproteid was prepared 
with the use of so small an amount of ammoata that the fluid was 
scarcely alkaline to litmus. Ten c.c. of this solution were treated 
with a 0,3 per cent solution of calcium chloride a drop at a time 
until 10 CO. of the reagent had been added, but at no time was a 
precipitate formed. This seems to show that the nucleoproteid is 
not a nucleohistone. 

HvDROLVTic Products of the Nucleoproteid. 

In our earlier work the hydrolysis of the proteid was effected in an 
autoclave at 150° with 20 per cent sulphuric acid, but subsequent ex- 
periments showed that the decomposition can be brought about by boil- 
ing for twenty minutes with 5 per cent sulphuric acid. Just what are 
the limits in regard to strength of acid and time of boiling required for 
the hydrolysis we arc unable to say. In one experiment a quantity of 
nucleoproteid from the beef gland was evaporated on the water-bath 
with 3 per cent acetic acid. On cooling, the concentrated fluid 
deposited crusts of guanine. The decomposition with nitric acid is 
extremely easy. A solution of the proteid in 5 per cent nitric acid 
was treated with an excess of silver nitrate and heated to the boiling 
point. On cooling, silver compounds of the xanthine bases were 
deposited in crystalline form. 

' Huiskamp: Zeilsclirift fiir physiologisdie Chemie, xxxii, p. 145. 
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Thirty grams of the nucleoproteid from the sheep suprarenal gland 
were mixed with 200 c.c. of 5 per cent sulphuric acid and boiled 
for an hour under an inverted condenser. The dark-brown fluid was 
filtered from deposited pigment, and after diluting to i^ litres was 
treated with a hot concentrated solution of barium hydroxide until 
most of the sulphuric acid was neutralized. The fluid was then made 
almost exactly neutral with dilute barium hydroxide, treated with a 
small quantity of sodium acetate, filtered, and evaporated on the 
water-bath to about 35 c.c. As the evaporation proceeded guanine 
was continually deposited with coloring matter and was found in the 
form of dark-brown crusts adhering to the sides and bottom of the 
vessel. The fluid, which can be shown to contain no appreci- 
able quantity of guanine, was filtered off and reserved for the other 
xanthine bases and thymine. 

1. aaanlna. — The dark-brown crusts were dissolved in very dilute 
sulphuric acid and the solution was decolorized with animal charcoal. 
The fluid was then treated with a 5 per cent solution of silver nitrate 
aa long as the reagent produced a precipitate and ammonia was 
added to strong alkaline reaction. The silver precipitate was washed 
thoroughly with boiling water suspended in very dilute sulphuric acid 
and decomposed with sulphuretted hydrogen. After filtering off the 
silver sulphide the fluid was treated to marked alkalinity with ammonia 
and the bulky white precipitate of guanine was filtered off, washed 
with water, and dried with alcohol and ether. 

The free base was dissolved in hot very dilute hydrochloric acid. 
On cooling, beautiful needles of the hydrochlorate were deposited. 
This salt seems to have been neglected by those who have worked 
with guanine, but we found it one of the most useful of all the 
derivatives of the base. The compound may be repeatedly recrystal- 
lized from dilute hydrochloric acid without serious loss, possesses a 
highly characteristic crystalline form and has no tendency to lose its 
water of crystallization unless placed in a desiccator. The compound 
can also be easily converted into the free base by repeatedly evapor- 
ating with water, thus rendering possible the preparation of the base 
absolutely free from ammonium salts, an end which we have been able 
to accomplish in no other way. 

The hydrochlorate was weighed, recrystallized once from dilute 
hydrochloric acid, dried on filter paper and analyzed. 
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0.17S9 gm. of the crystallized salt lost 0.0388 on heating at 10;. 
0.1501 gm. of the anhydrous salt required 16.47 '^■^- "f sulphuric acid 
(i c.c. = 0.003392 N). 

1'heoretical fur Theoretical for 

iii'iie xanlhiiie Found. 

2 H^O 16,11 0.00 16.10 

N 37.3.S 29.72 37.22 

Part of the hydrochlorate was evaporated several times with water on 
the water-bath, then with alcohol, and finally with a trace of ammonia. 
The residue was washed on to a filter with warm water and dried with 
alcohol and ether. The substance dried at 1 10° gave the following 
analytical result: 

0.1368 gm. required 18.56 c.c. of sulphuric acid (i c.c. = 0.003392 N). 

Theoretical for Theoretical for 

guauiiie, xanthine. 

N 46.3.1 36.84 46-02 

We have taken the trouble to establish the identity of this substance 
beyond question, because it far outweighs the sum of all the other 
bases formed by the hydrolysis of the nucleoproteid, while Okerblom 
failed to find a trace of guanine among the preformed bases of the 
gland. 

From 30 gms. of the niicleoproteid of the suprarenal gland of the 
sheep were obtained 510 mgms. of guanine hydrochlorate. Similar 
experiments with the nucleoproteids of beef suprarenal gland (lO 
gms.) and pig pancreas gave on calculation to a basis of 30 gms. of 
proteid 501 and 517 mgms. respectively, 

2, Zantblnebaaei other than guanlns. — The original mother liquor 
from which guanine had separated during evaporation, the fluid from 
which guanine was precipitated with ammonia, and the mother liquor 
from the first crystallization of guanine hydrochlorate were united. 
The fluid was decolorized with animal charcoal, and after making 
alkaline with ammonia, was treated with a slight excess of a solution 
of silver nitrate in ammonia. The precipitated silver compounds were 
filtered off, washed with boilino; water and submitted to an examination 
for xanthine bases by the method of KriJger and Solomon.^ The 

' KkOger and Solomon : Zeitsclirift tiir pliysiologische Chemie, xxvi, p. 3J0, 
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filtrate was faintly acidified with nitric acid and reserved for an 
examination for thymine. 

The gelatinous precipitate was washed into a flaslc and treated on 
the water-bath with a dilute solution of hydrochloric acid a drop at a 
time until the precipitate became granular and settled rapidly. An 
equal amount of hydrochloric acid was then added and the solution 
was boiled and filtered. The fluid was evaporated to dryness on the 
water-bath, water was added and evaporated, and the process re- 
peated until the residue became coarsely granular. Alcohol was 
then substituted for water and the final residue was digested with 
water at 40° for several hours and filtered. The residue may contain 
xanthine, heteroxan thine, and i-methyl xanthine, while in the 
aqueous fluid may be found hypoxanthine, epiguanine, adenine, and 
paraxan thine. 

a. Ttw bypoxanthine fracUoo. — The solution was treated with 
ammonia in slight excess. The bulky precipitate which was first 
formed redissolved except a trace of reddish brown flocculent material 
which was easily shown to be ferric hydroxide. Okerblom obtained 
a trace of what he supposed to be epiguanine at this point. 

The filtrate from the ferric hydroxide was allowed to stand several 
days in a warm place in order to allow the excess of ammonia to 
escape, and then treated with a slight excess of a saturated aqueous 
solution of picric acid. A bulky bright yellow microcrystalline pre- 
cipitate of adenine picrate was formed which was immediately fil- 
tered off, washed with water, and dried in a desiccator. The substance 
was found to melt sharply at 281° (adenine picrate melts at 282— 
283°). Kruger and Schittenhelm ' state that the analysis of a sub- 
stance melting at this point and obtained under the conditions stated 
is superfluous. 

The amount of adenine picrate obtained from 30 gms. of the 
nucleoproteid was 212 mgms. Similar experiments with the nucleo- 
proteids from the suprarenal gland of the beef (10 gms.) and the 
pancreas of the pig (22 gms.) gave on calculation to a basis of 30 
gms. of proteid 210 and 215 mgms. respectively.' 

The yellow filtrate from adenine picrate was acidified with sulphu- 
ric acid and the picric acid removed by shaking with ether. On 
treatment of the aqueous fluid with ammonia and silver nitrate an 

■ Ibid., XXXV, p. 153. 

' Levese has described a nucleic acid from the pancreas which yields boih 
guanine and adenine. Zeitschrift fiir physiologische Chemie, xxxii. p. S4'- 
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extremely small precipitate occurred. This precipitate, which is in 
alt probability attributable to the slight solubility of adenine picrate, 
was too small tor an exhaustive investigation. It was suspended in 
watcr,decomposcd with sulphuretted hydrogen, and the aqueous fluid 
evaporated to dryness. Since the residue was scarcely weighable it 
was treated with a few drops of dilute nitric acid (to c.c. of concen- 
trated nitric acid 4- 90 c.c. of water), and allowed to stand twenty- 
four hours. No separation of hypoxanthine nitrate occurred. 

Okerblom found hypoxanthine in comparatively large quantity 
among the preformed bases of the gland. Wc were unable to find 
the slightest trace of the substance among the hydrolytic products 
either of the nucleoproteid of the suprarenal gtand of the beef or that 
of the pancreas of the pig. 

b. The xanthins fraoUon. — The residue weighed only 62 mgnts., 
and was somewhat contaminated with silver chloride. With so small 
a quantity it was found difficult to follow Kriiger and Solomon's 
directions. It was treated with j c.c. of hot 3.3 per cent caustic soda 
and filtered. On standing no precipitate was formed. The fluid was 
warmed to 60° and treated with 2 c.c. of a mixture of 20 c.c. of con- 
centrated nitric acid and 20 c.c. of water. No precipitation of 
xanthine nitrate occurred within 24 hours. Okerblom found xanthine 
in great preponderance among the preformed bases of the gland. 

The question naturally arises. What is the material which forms 
our xanthine fraction? By exclusion we might conclude that it is 
i-methyl xanthine, but this would simply throw the burden of proof 
upon the analytical method which we employed; so that in order to 
be able to give any satisfactory answer to the question, it will be 
necessary to work with much larger quantities of the nucleoproteid 
than we have hitherto been able to obtain. 

It will thus be seen that guanine and adenine are the only xanthine 
bases which result in appreciable quantity from the hydrolysis of any 
of the three nucleoprotcids with which we worked, and an examina- 
tion of the quantitative results which have been given will show that 
the two bases are produced in these cases in nearly the same relative 
amounts. Thus : 



I. 30 gms. of nucleoproteid of slieep suprarenal gland gave 510 mgms, of 
guanine hydrochlorate and 21a mgms. of adenine picrate. 
II. 10 gms. of nucleoproteid of beef suprarenal gland gave 167 mgins. of 
guanine hydrochlorate and 70 mgms. of adenine picrate. 
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III. 22 gnis. of nucleoproteid ,of pig suprarenal gave 374 mgms, of guanine 

hydrochlorate 155 mgms. of adenine picrate. 
On calculation to a basis of 30 gnis. of proteid we have 



Guanine 

hydrochlorate. 
510 


Adenine 

picrate, 
212 


Molecular 
ratio. 
4.11:1 


SOI 


210 


4.07 ; 1 


510 


220 


3.89:1 



3. Thymin*. The solution W3S filtered from silver chloride, diluted 
with water and treated with silver nitrate and barium hydroxide 
according to the method already described.' There was no difficulty 
in obtaining a beautifully crystalline substance whose properties 
throughout agreed with those which have been ascribed to thymine. 

0.1485 gm. of substance required 9.77 c.c. of HjSO, (i c.c, = 0.003392 N.) 



From 30 gms. of nucleoproteid were obtained 131 mgms. of thymine, 
while from 30 gms. of material whose xanthine bases were treated 
by Neubauer's method, were obtained 138 mgms- of thymine. The 
substance results just as well from the suprarenal gland of the beef 
as from that of the sJieep, but experiments with the pancreas gave 
unsatisfactory results. In the final liquid could be seen crystals 
which had every appearance of thymine, but which could not be 
separated from the viscous mother liquor.^ 

While one scarcely expects to obtain a quantitative yield of thymine, 
the numbers given show a very fair molecular concordance with those 
already given for guanine and adenine, thus: 

30 gms. of nucleoproteid gave 510 mgms, of guanine hydrochlorate, 212 mgms. 
of adenine picrate, and 135 mgms. of thymine. Therefore the molecular 

guanine : adenine : thymine : : 4.11 : 1.00 : 1.93 
SUMMAHY. 

1. The nucleoproteid of the suprarenal is a thymonucleoproteid, 
and probably not a nucleohislone. 

2. The nucleoproteids of the suprarenal gland of the beef and the 

' Jones : Zeitschrift fiir physiologische Chemie, xxix, p. 461. 
' See also Levene ; Loc. a'l. 
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sheep are identical and scarcely differ in chemica! composition from 
the nucleoproteid of the pancreas. 

3. As closely as the analytical processes at our command can 
determine, the nucleoproteids of the pancreas and the suprarenal gland 
yield guanine and adenine in the same relative proportions. 

4. In so far as these quantitative relations have value, they are in 
support of Schmiedeberg's contention, that one molecule of a nucleo- 
proteid (or a nucleic acid) may yield two different xanthine bases. 

5. We were unable to find xanthine, hypoxanthine, or epiguanine: 
and it is certain that these bases, if formed at al), can be demon- 
strated only by the use of extremely large quantities of the nucleo- 
proteid, 

6. It is possible that a trace of xanthine escaped our attention, 
owing to a defect in the method of Krijger and Solomon, which was 
pointed out by Kriiger and Schittenhelm' after we had completed 
our work. 

7. As Okerblom professed to find hypoxanthine, epiguanine, and 
an excessive amount of xanthine, while he failed to find any trace of 
guanine, we seem to be confronted by a most curious and interest- 
ing qualitative difference between the xanthine bases which are pre- 
formed in the gland and those which result from the hydrolysis of 
the nucleoproteid, 

' KrOger and Schittenhelm : Zeitsclinfl fiir pliysiologisclie Chemie. xkxv, 
p. IS3- 
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Method. 

THE blood-flow through the external jugular vein was measured 
in this investigation with the recording stromuhr devised by 
Hiirthle and demonstrated by him to the members of the last physio- 
logical congress, held at Turin, September, 1901. 

The stromuhr previously constructed by Hiirthle contained two 
metal revolving cylinders. This new instrument consists of only one 
cylinder {C, Fig. i) which is stationary and in which a piston (P) 
moves in the vertical direction. The blood reaches the cylinder 
through the peripheral cannula (W) and leaves it through the central 
cannula (5). In its course it passes through a disc (D) pierced 
with two openings. Through one of these the blood enters the 
cylinder at £, below the piston, while through the other it enters a 
curved tube which conveys it into the cylinder at E', above the piston. 
At the beginning of the experiment the blood is admitted through E 
and forces the piston to the top of the cylinder. As the piston rises 
the contents of the cylinder (normal saline solution) are driven 
through E' into the outflow cannula B. When the cylinder is full, 
the perforated disc D is turned. The blood now flows from the inflow 
cannula. A, through E' into the top of the cylinder. The piston is 
driven downwards and the contents of the cylinder are forced out 
through E and the outflow cannula B. 
435 
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The piston rod (7") is attached to a horizontal writing lever (Z.) 
by means of a long silk thread. When the piston is driven downward 
the writing-point of the lever moves upward, and when the piston 
moves upward, the writing-point moves downward. In Fig. 2 the 
lever has written two downward phases {A to B and E to F) and 
one upward phase ((T to D'), The reversal of the blood-stream by 
turning the disc has occurred between B and C and again between 
D and E. 




Figure 1, — Diagram of Hiirthle's Recording Stromuhr.' A and B. Cenlral and periph- 
eral cannulas. C. Stationary cylinder. D. Revolving disc. E and E'. 0))eiiings in 
cylinderfor entrance of blood. L. Writing kver with weight. P. Piston. T. Tip of 
piston, connected with lever by means of silk thread. 

The cylinder being calibrated, every rise or fall of the lever indi- 
cates that a definite quantity of blood has entered or left the stromuhr. 
In the case illustrated by Fig. 2 a rise of 4 mm. shows that i c.c. of 
blood has entered the instrument. The time, absolutely essential in 
calculating the results, was recorded by a Jaquet chronometer, beating 
fifths of seconds. The time record served also as the abscissa for 
the curve of the blood-flow. The venous pulse and the respiratory 
movements were also recorded when the occasion demanded, 

' TSCHUEWSKV, F. A. : IvposociiaCmeiiiB OTjit.u,M[ixii Oprauosi (On the blood- 
supply of several organs), Charkow, 1902. 
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The Volume and the Velocity of the Blood-Stream. 

In making quantitative determinations of the blood-flow, especially 
in a vein, it is of course essential to reduce the resistance of the 
piston to a minimum. The external jugular vein being in an 
easily accessible position, the stromuhr could be placed horizontally. 
Thus, the blood was forced to make only a short lateral curve to 
enter the cylinder instead of being driven to a considerable height 
above the vein. The resistance was further decreased by counter- 
poising the writing-lever, indirectly therefore also the piston. A 
weight, just failing to move the piston by its own gravity, was placed 
upon the lever when moving downward and removed when the up- 
ward phase commenced. 

In four of the experiments of this group the stromuhr, containing 
a warm 0.7 per cent sodium cloride solution, was inserted opposite 
the 6fth to seventh rings of the trachea. In the Rfth experiment its 
position was higher, the peripheral cannula being inserted close to 
the point of union of the internal and external maxillary veins. To 
prevent the possible entrance of air all parts of the stromuhr were 
made secure with beeswax and the opening for the piston was sur- 
rounded by a capsule filled with soft vaseline. It was also thought 
advisable to ligate the large communicating vein upon the larynx. 
The experiments were performed on medium-sized dogs, the right 
jugular vein being used exclusively. They were anassthetized with 
morphine and chloroform. 

In calculating the volume all variations in the blood-fiow, dependent, 
as we shall see later, upon the respiratory changes in the intratho- 
racic pressure and the contraction of the right side of the heart, have 
been neglected. Only the relation of the height of the entire phase 
to its duration has been taken into account. Moreover, to avoid 
errors due to coagulation, only those phases were measured that 
were written during two minutes; the blood in the cylinder was still 
fluid from four to five minutes after the beginning of the experiment. 

The internal diameter of the vein, necessary in calculating the 
velocity, was obtained by the method employed by Tschuewsky in 
the investigation referred to previously. A short portion of the 
vessel having been exposed, its outside diameter was determined by 
means of a spring caliper. The entire vessel was subsequently com- 
pressed between two narrow glass plates, the compression being just 
sufficient to let no blood pass. The thickness of the glass plates 
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was then subtracted from this measurement and the newly-derived 
value subtracted from the outside diameter. 

The results of the experiments are given in Table I. The quanti- 
ties obtained by measuring the various phases are reduced to a uni- 
form value in each case, namely, the number of cubic centimetres 
per second. 

TABLE r. 
The Volume h'na the VEtocrrv oF the Blood. Stream. 



Exp. 
1 

3 

4 

5 


Weight of 
dog ill kilos. 

10 
12 
12 
13 
21 


Volume. 


Inside diameter. 


Velocilv. 
Mm. per sec. 


1.8 
2.1 
2.4 
1.9 
3.7 


0.4 
0.42 

a43 

0.4 
0.6 


143 
146 
163 
151 
131 

147 


Average 


13 


2.4 


0.45 



The Effect of Stimulation and Section of the Vagus. 

By stimulating cither vagus with a sufficiently strong current the 
blood-flow can be made to cease, as can readily be seen by a glance 
at Fig. 3. In this experiment the left nerve was stimulated for about 
five seconds, the distance of the coils being 10 cm. (medium stimulus). 
The current was made at A and broken at B. A comparison with 
the abscissa will show that the blood-flow ceases a short time after 
the passage of the current and resumes its former value immediately 
after B. 

The reverse relationship may be obtained by using a strong current 
of longer duration. In this case the blood-flow will stop almost the 
instant the current is made, but will not immediately become normal 
again. The curve after breaking the current will then show a stair- 
case arrangement, indicating thereby that the strongly stimulated 
heart regains its normal frequency only gradually. 

A staircase curve will also be written when the current applied to 
the vagus is weak, i. e., not sufficiently strong to stop the heart en- 
tirely, but only to separate its beats more widely. 
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Such a curve is shown in Fig. 4. The current (distance of coils 
15 cm., duration about three seconds) was made at A and broken at 
B. Three heart-beats, weaker than normal and of longer duration, 
occurred during this period. A less than normal onward flow is 
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vcMovs ppessi/ffc 
^OURE 3. — Sliraulalion qf left vagus (from A lo B) with medium current. 

observed to have taken place during the active period of the heart, 
from I to 2, while scarcely any flow was present during the pause, 
from 2 to I. After discontinuing the stimulation the blood-flow 
regained its normal value again. 

In two of the experiments both vagi were suddenly divided with 
scissors, while the curve of the blood-flow was being written. The 
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individual phases immediately became much steeper, showing thereby 
that a greater volume of blood was passing through the vein. A 
comparison was then made between the normal volume of blood and 
that propelled after the section of this nerve. The results of this 
calculation are contained in Table II. 



M or THE Vagi, 



Exp. 


Weight of 


A. Normal 

flow, 
c.c. per sec. 


T 


Flow after 
lOH of vagi. 
. |ier sec. 


1 
B 


r;'i 


e. 
A. 


1 


10 


1.8 




.^.9 




3.2 




2 


8 


1.2 




2.8 




2-4 





Mea. f»tes3. pi. CAV/ry 




~ Stimulation of left vagus (fi 



B) with weak current. 



The Change in the Blood-flow during the Compkession of 
BOTH Carotid Arteries. 
Both carotid arteries were previously placed in ligatures opposite 
the third tracheal ring and were suddenly compressed during the ex- 
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perimcnt by being tightly drawn against the flat ends of two probes. 
The great decrease in the blood-flow of the external jugular vein, 
produced by the compression, is clearly betrayed in Fig j. The 
ligatures were tightened at A and released at B. 



Nca. pjr.fM Pieo/iAL CAy/rf 




FLOW Of BLOOD exTji/a.¥em 

Figure 5- — Compression of both caiolid arteries (from A\o B\. 

This procedure was repeated several times in three diflerent ani- 
mals. In Table III. the normal volume of blood is compared with 
that passing through this vein during the compression. 



The Effect i 



TABLE III. 

F COMPBESSIO:* OF HOT 



Carotid Arteries. 



Exp. 


Weigh) of dng 

in kilos. 


c.c. per sec. 


Volume during 


Per cent of 

53 
60 

SZ 


1 
2 
3 


8 
10 
10 


1.5 
1.7 
1.3 


a, 
ads 

as? 


.„„,. 


9 


1.66 


0.7S 


57 



Among the conclusions arrived at so far, the following may be 
emphasized: 

I. The normal volume of the blood-stream in the external jugular 
vein in a dog, weighing 13 kilos, is about 2.4 c.c. per second and the 
velocity 147 mm. per second. 
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2. By stimulating the vagus a total cessation of flow may be 
produced. 

3. Section of both vagi increases the volume of the blood-stream 
2.8 times. 

4. By compressing both carotid arteries the quantity of blood in 
the external jugular vein is reduced 57 per cent. 

The Respiratory Variations in the Blood-flow. 

The curve of the blood-flow, as recorded by the lever of the stromuhr, 
is not a straight line, but shows regular periodic variations. The 
quantity of blood propelled is therefore not equally large at all times. 

Two distinct types of variations will be considered in this paper, 
namely, those due to the changes in intrathoracic pressure during 
respiration, and secondly, those produced by the activity of the right 
auricle and ventricle. A third class, including all those changes in 
the venous flow that are dependent upon accidental causes, such as 
muscular contractions either near or more or less remote from the 
vein experimented on, will be reserved for future consideration. 

In order to eliminate as much as possible the influence of the heart, 
the stromuhr in these experiments was inserted in the upper portion 
of the jugular, immediately below the union of the internal and 
external maxillary veins. Thus, a greater number of valves were 
interposed between the central cannula and the central venous 
trunks. This type of variations was most distinctly marked in those 
animals having a feeble heart-action normally or in those in which 
the anaesthetic had a depressing effect upon this organ. 

The changes in intraihoracic pressure were recorded by a tambour, 
connected by means of a cannula with the left pleural cavity. The 
downward phase of the respiratory curve corresponds therefore to 
inspiration and the upward phase to expiration. 

Fig. 6 is an example of this type of variations. We observe that 
the curve of the blood-flow shows regular and periodic deviations 
from its otherwise straight diagonal course, first turning further away 
from the abscissa and then further toward it. The changes occur at 
/, E, and P. We have therefore a period of increased flow, lasting 
from I to E and a period of slackened flow, extending between E 
and P. At the latter point the blood-flow assumes its normal value 
again. 

When the ordinates of the negative pressure curve are compared 
with those of the blood-flow, it becomes evident that the variations 
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CKcur synchronously with the respiratory movements. During inspi- 
ration the flow is greater than normal and during expiration the flow 
is less than normal. Moreover, the increase takes place immediately 




FlcuRE 6. — The respiratory 



on inspiration, but becomes greater in the course oE this phase, reach- 
ing its maximum value at the time of greatest negative pressure. The 
same parallelism is displayed during the expiratory phase. The shorter 
this phase, the shorter the duration of the period of decreased flow 
and the more decided the changes in the intrathoracic pressure, the 
more conspicuous are the changes in the blood-flow. Thus, forced 
expiration can produce a stoppage in the flow. 

To show the dependence of the respiratory variations on the depth 
of the respiratory movements, the values for the following three ex- 
periments have been calculated. Table IV. shows the duration of 
the respiratory phases as recorded by the tambour connected with 
the pleural cavity. 
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The Relation c 



Exp 

1 

2 
3 


Normal 
flow (dar- 
ing pause), 
c c. per sec. 


,..pi„,„n. 




K.pi„„... 


Time 

(,ec.). 


Nee. pressure. 
Mm. Hg 


Blood- 
flow. 

ccpersec 


Time 
(sec). 


%rsr 


Blood- 
flow, 
ccpersec. 


17 
1-Z 

2.4 


0.9S 
1.0 

1.5 


-6.5 to - 9.5 
-2 5 to -10.0 
-8.0 to -10.2 


2.6 
2.3 


a4 
02 
as 


- 97to-6.S 

-10.0 to -Z.S 
-10.2 lo -8.0 


1.Z 
0.0 
2.1 



The respiratory pause begins at P. The volume of the blood- 
stream during this period depends of course entirely upon the activity 
of the heart. Consequently we must come to the conclusion that 
under normal conditions the heart forms by far the most important 
factor in propelling the blood, while the respiratory movements play 




nowt^aL6oo e.j.v. 

Figure 7. — The effect of forced respiratory movemenls. 

only a secondary part. But, as their influence upon the blood-stream 
increases with their depth, it must necessarily also follow that they 
become the more important, the shorter the respiratory pause. How 
important they may become at times is clearly shown in Fig. 7. 
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This curve was written immediately after section of the left vagus 
in a lightly anaesthetized animal. 

Normally the negative pressure in the pleural cavity varied from 
—4 to —8.25 mm. Hg and the curve of the blood-flow resembled very 
closely that given in Fig. 6. Immediately after the section the neg- 
ative pressure showed ihe usual wider range toward as well as away 
from the abscissa (from —3 to — 1 5 mm. Hg), but, instead of the usual 
decrease in the frequency of respiration, the section in this instance 
produced — at least for a short time — much quicker movements. 
The forced character of expiration is shown by the fact that the 
upper convex portion of the curve gradually approaches very near to 
the abscissa ; a true pause is therefore absent. 

The important influence of this type of respiration on the blood- 
flow in the jugular is apparent at the first glance. The curve has 
completely lost its normal character, represented in Fig. 6. To be 
sure the inspiratory movement is accompanied by a decided onward 
flow of the blood (/to^) which becomes most conspicuous during 
the time of greatest negative pressure. The period of slackened flow 
during expiration is not stopped at E, however, but continues as tbe 
negative pressure decreases still further. Finally, when the negative' 
pressure reaches its lowest value, almost a complete stop in the blood- 
flow occurs. During the period of gradually increasing negative 
pressure, prior to the decided inspiratory movement at /, a corre- 
spondingly greater volume of blood is again moved onward. During 
the forced expiratory phase beginning at E, therefore, the part which 
the heart plays in propelling the blood was masked. 

The Effect of Stimulation of the Phrenic Nerves. 

Having found that the respiratory variations in the blood-flow are so 
closely related to the changes in the intrathoracic pressure, stimula- 
tion of the nervi phrenici was resorted to for the purpose of producing 
even more decisive changes in pressure. Both nerves were placed 
in covered electrodes opposite the outer border of the lower fourth 
of the sterno-cleido-raastoid muscle. A brief tetanic current was 
used, the strength of which was altered in such a way that either a 
slight or a great increase in intrathoracic pressure resulted. The cur- 
rent was made synchronous with the beginning of inspiration. 

Fig. 8 may serve as an example of weak stimulation of these nerves. 
The current was in this case applied three times in succession (^A to B) 
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and was sufficiently strong to increase the negative pressure to —12 
mm, Hg, while normally It varied from —425 to —8 mm. Hg- The 
change in the blood-flow produced thereby was very decided. While 
normally only 1.2 c.c. per second were propelled, the average value 
during the periods of increased negative pressure (/I to 5) amounted 
to 1.9 c.c. per second. 

In another case the intrapleural pressure was increased from —9.25 
mm. Hg to —13 mm. Hg by stimulating the phrenic nerves. The 
blood-flow suffered at the same time an increase from 1.8 c.c. to 
2.4 c.c. per second. 

Increasing the negative pressure still further by stimulating these 
nerves with a strong current does not necessarily imply that a cor- 
respondingly larger quantity of blood is thereby moved onward. In 
fact, under these conditions the blood-fiow usually decreases some- 
what. In Fig. 9, for instance, the volume of blood was reduced from 





FcfiUKE 9. — Strong stimulation of Ihe phi 



1.8 c. c. to 1.6 c.c. per second during the period of stimulation from 
A to B. The negative pressure at this time was increased from its 
normal value, —9.25, to —18.25 mm. Hg. It seems that in these 
instances the strongly contracted diaphragm presses upon the 
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abdominal organs, increasing in this way the flow in the inferior 
vena cava and lessening the influx of blood from the external 
jugular. 

The Cardiac Variations in the Blood-flow. 

The variations to be considered in this chapter are wholly de- 
pendent upon the changes in intra-auricular pressure occurring 
during each cardiac cycle. It is only natural to assume that the 
pressure-curve in the central venous trunks pursues a parallel course 
to that of the auricle, and that in the tributary veins these changes 
must be the more conspicuous, the closer we approach this venous 
reservoir. 

Undoubtedly, under normal conditions the suction-action of the 
right auricle and ventricle on the blood in the great veins is the most 
important factor in the onward movement of the blood within them. 
The inspiratory movement by reason of its lesser frequency can be 
considered only as an "occasional" aid. The cardiac variations in 
the blood-flow of this vein will be recorded best when the respiratory 
movements are shallow and far apart and the heart beats forcibly. 

In these experiments the stromuhr was inserted in the lower 
portion of the vein. Its central cannula, placed well into tl\e groove 
between the neck and the shoulder, remained outside of the thoracic 
cavity and about 4 to 5 cm, from the subclavian vein. Three or 
four valves were thus left intact between the stromuhr and the 
inferior extremity of this vein. No valves were found between the 
latter point and the auricle. 

The respiratory phases were recorded as described above. The 
venous pulse was recorded by a membrane manometer, connected 
by means of a T tube with the central cannula of the stromuhr. 
This record served me in obtaining the various phases of the cardiac 
cycle. 

Venous pulsation may be due first to the contraction of the right 
auricle and ventricle, secondly to various accidental mechanical influ- 
ences, and thirdly — at least in the smaller veins — to the arterial 
pulse. It is apparent that in these experiments only the first type 
has to be considered. 

In interpreting the venous pulse curve obtained in these experi- 
ments I made use of the investigation of Fredericq' which, so far as 

' Fredrricq, L. : Travaux du Laboratoire de Lidge, 1R89-90, x, pp. 85-107. 
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I know, is the only recent paper on this subject. Fredericq recog- 
nizes two distinct rises in the venous pulse; the first he attributes to 
the systole of the right auricle and the second to the ventricular con- 
traction. In general, the curves obtained by me correspond very 
closely with those in the paper referred to. Only one difference 
should be spoken of, and that is the fact that the auricular contrac- 
tion always gave a strong rise, much higher than that of ventricular 
systole. In this respect the curve is identical with the curve of 
intra-auricular pressure shown in Fig. lO. 

But it seemed essential that the curve of the blood-flow be com- 
pared directly with the curve of intra-auricular pressure. This, it 
seems to me, can be done without hesitation. In the paper cited 
above, Fredericq comes to the conclusion that the pressure-curve of 
the external jugular exhibits essentially the same characteristics as 
that of the right auricle. 

Before proceeding further it might be well to consider briefly the 
different characteristic points of the intra-auricular pressure curve. 
According to Porter,' whose results substantiate and extend those of 
Fredericq, the auricular curve consists of; 

A. The systolic rise, corresponding to the contraction of the 
auricle. 

B. The first diastolic fall, corresponding to the relaxation of the 
auricle. 

C. The first diastolic rise, from near the beginning of ventricular 
systole to the opening of the semilunar valves. 

D. The second diastolic fall, from the opening of the semilunar 
valves to near the beginning of ventricular relaxation. 

E. The second diastolic rise, from the end of the second diastolic 
fall to the beginning of ventricular relaxation, 

F. The third diastolic fall, during some portion of ventricular 
relaxation. 

G. The pause, from the third diastolic fall to the next systolic rise. 
Upon this curve I shall largely rely in harmonizing the different 

features of the variations of the blood-flow with the changes in 
intra-auricular pressure. 

Fig. II is an example of the type of variations to be dealt with 
in this chapter. The entire line recording the blood-flow exhibits 
numerous depressions similar in form and recurring at regular in- 
tervals. Between these indentations the curve pursues a wavy 

' Porter, W. T. : Journal f>t physiology, 1892, xiii, pp. 5I3-SS3' 
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course upward, first ascending very rapidly and then extremely 
slowly. We observe, therefore, that the flow is not equally great at 
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FluURE 10. — Cuive of incra-auricular pressure, taken vith a large cannula in the auric- 
ular appendix (Porter). 

A. Systolic rise. 1. Beginning of auricular systole. 

A.~B. First diastolic fall. Z. Beginning of ventricular systole. 

B.-C. First diastolic rise. 3. Opening of semilunar valves. 

C.-D. Second diastolic fall. 5. Bepinning of ventricular downslroke. 

E. Second diastolic rise. 6. End of ventricular downstroke. 

F. Third diastolic fall. 

G. Pause. 

all times. There is a period during which a great quantity of blood 
is moved onward and a period during which very little flow takes 
place. Records taken at a greater speed (Fig. 12), in which the 
details of the curve are rendered visible, will show that in this 
second period there are times when the flow is completely arrested. 
These will be discussed below. 

A comparison between the ordinates of the respiratory phases and 
those of the blood-flow in Fig. 11 will show immediately that the 
variations seen here are absolutely different from those described in 
the preceding chapter. But, if the ordinates of the blood-flow are 
compared with those of the venous pulse a complete correspondence 
is seen to exist. 

The first elevation in the venous pulse curve, numbered i, 2, etc. 
corresponds exactly with the bottom of the notch in the curve of the 
blood-flow, I, 2, etc. The end of the period of slight flow is therefore 
synchronous with the end of auricular systole. As soon as the 
diastolic phase of this cavity begins, the blood-flow is greatly in- 
creased, from I, 2, etc., to i', 2', etc. The latter ordinates indicate 
the end of the period of greatest negative pressure during auricular 
diastole. Thus we see that the period of increased flow (i, 2, etc., to 
i', 2', etc.) coincides with the entire diastolic phase of the auricle, from 
the end of auricular systole to the beginning of the second diastolic 
rise. From i', 2', etc., to i, 2, etc., a very slight rise in the curve of 
the blood-flow is noticeable. This period of slight flow commences 
with the second diastolic rise and ends with the next auricular systole. 
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A more careful inspection of the curve will also reveal the presence 
of a second slight notch about midway between the end of auricular 
systole (1,2, etc.). and the end of the second diastolic fall (1', 2', etc.). 
This depression, shown 
clearly in only a few of 
the intersystolic phases 
of this curve, coincides 
with the beginning of ven- 
tricular systole. But, to 
show the full significance 
of this indentation and also 
to bring out more clearly 
the several features of the 
curve, it is necessary to 
study a curve written upon 
a rapidly revolving drum 
.(Fig- 12). 

When the different 
phases of the auricular 
cycle are in this way 
forced more widely apart, 
each intersystolic period 
shows the following de- 
tails : The fall in pressure 
following the auricular sys- 
tole is accompanied by an 
increase in the blood-flow 
(^A-B) which continues 
during the entire first dias- 
tolic fall (,A-B). During 
the first diastolic rise, i.e., 

from the beginning of ventricular contraction to the opening of the 
semilunar valve, no onward movement of blood occurs, (B—C). The 
second diastolic fall {^C-D\ following the opening of these valves, 
produces a renewed increase in the blood-flow, which is again stopped 
during the second diastolic rise {D-E). There is another noticeable 
rise in the curve of the blood-flow at E, but it is much slighter than 
the two preceding and very likely takes place during F-G, the third 
diastolic fall. The quantity of blood propelled during the common 
pause (F-C) is extremely small. During the auricular systole (G-A) 
no onward movement of blood occurs. 
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Franjois-Frank ^ inserted a Chauveau's haemodromograph in the 
external jugular vein and found that the systole of the auricle does 
not cause the column of blood to move backward. When he, however, 
destroyed the valves centrally to the instrument a backward move- 
ment of the blood took place. He therefore concluded that normally 
such an occurrence is 
made impossible by the 
interposition of the venous 
valves. He further 
states that a cessation of 
flow does not take place 
during this period. 

While the experiments 
now under consideration 
prove the former state- 
ment to be correct, no 
evidence is contained in 
the curves to show that a 
stoppage in the blood-flow 
does not occur. When 
the abscissa is drawn and 
the ordinates of the curve 
of the blood-flow are con- 
tinued downward, it can 
readily be seen that this 
curve pursues a parallel 
course to the abscissa 
in three places, namely, 
from G-A,irom B-C,a,nA 
from D-E. (Compare 
Fig. 1 3-) 

When these periods are 
compared with the curve of auricular pressure it is found that no 
onward movement of blood in the external jugular vein takes place : 

1. During the systole of the auricle, 

2. During the first diastolic rise, 

3. During the second diastolic rise. 
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Figure 13. — The cardiac v 



1 Francois-Frank, C. A. : Archives de phjsiologie, 1890, pp. 347-3S'l and 
PP- 395-410- 
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Thus, we must conclude ihat the volume of blood in this vein 
enters the central venous trunks and right auricle only during the 
periods of lesser pressure, namely: 

1. During the first diastolic fall, 

2. During the second diastolic fall, 

3. During the third diastolic fall, 

4. During the pause common to both auricle and ventricle. 
These conclusions confirm and extend the results gained in Porter's 

study of the effect of changes in auricular and ventricular pressure 
upon the filling of the heart: He concluded from the origin of the 
systolic and the first diastolic rise, that the auricular pressure at these 
moments is higher than the pressure in the contiguous veins and that 
the venous inflow must at these times cease (page 525). With regard 
to the second diastolic rise his observations did not enable him to 
speak with confidence. 

Regarding the third diastolic fall and the pause common to both 
auricle and ventricle, we have previously seen that the blood-flow dur- 
ing the third diastolic fall {E to F) is much less than during the first 
two periods of falling pressure. During the pause hardly any flow 
is noticeable.' 

The main factor in propelling the blood must therefore be the first 
and second diastolic falls. The second diastolic fall appears to exercise 
an even greater suction-action than the first. Although no exact 
determinations were made, this statement is well substantiated by 
the largest number of the curves. It harmonizes with the fact that 
according to Porter a greater fall in pressure occurs during this 
period. (Compare Fig. 10 and also page 533 of Porter's paper 
referred to previously.) 

To show the relative importance of the various periods of the 
curve of auricular pressure I have calculated the value of the blood- 
flow (c.c. per second) for the first and the second half of each auric- 
ular cycle. The first half embraces the first diastolic fall, first dia- 
stolic rise, and second diastolic fall. The second half includes the 
values from the beginning of the second diastolic rise to the end of 
the next systolic rise. In the curves of Figs. 12 and 13 these periods 
are marked from A to D and from DtoA. In the curve of Fig. 1 1 the 
first period extends from 1, 2, etc., to 1', 2', etc., and the latter period 

• In two experimenls there was hardly any increase in the blood-flow, even 
during the third diastolic fall. The force of the heart undoubtedly produces some 
slight alterations at times. 
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from i', 2', etc., to i, 2, etc. From thirty to forty intersystoHc phases 
taken upon a rapid-moving drum, were measured in each case. This 
number seemed sufficient, because the individual deviations are very 
slight. 
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2.4 

1.8 



This table serves to prove again the observation made previously 
that by far the greatest volume of blood is moved onward during the 
first half of the auricular cycle, i. e., during the period of greatest 
fall in pressure. During the second half, including the third diastolic 
fall and the common pause, the blood-flow is minimal. We observe 
that the former volume is about ten times as great as the latter. 

This fact is of the highest importance to the frequent heart. For, 
when the heart beats quickly, the common pause is reduced in dura- 
tion or entirely absent. It can readily be seen that only a very 
slight loss to the volume of inflowing blood is occasioned by the 
absence of the pause. Indeed, the auricular cycle might be reduced 
to about OTie half its normal duration and still there would not be an 
important decrease in the volume of the inflowing blood, so long as 
the duration of the first two diastolic falls remained unchanged. 

Porter's measurements, on pages 531 to 533 of the paper already 
cited, show that the duration of the second diastolic fall remains 
practically unchanged even in the most frequent heart and that only 
the succeeding part of diastole, including the pause, suffers the short- 
ening in time. 

And even if the second diastolic fall should be slightly shortened 
when the heart beats very quickly and without a corresponding de- 
crease in the length of the systolic periods, the loss in blood which 
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would in this case occur might be compensated by a correspondingly 
greater fall in pressure. 

In order to show more clearly the relationship between the changes 
in intra-auricular pressure and the cardiac variations in the blood- 
fiow, I have placed my curve, showing the volume of the blood-flow 
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ccRE 14. — The blood-flow 
and venlricular pressuie c 
flowing through the eilci 




exlernal jugular vein in relation with the aiiricul.ir 
>es. The uppermost curve shows the volume of blood 
1 jugular vein from the measurements in ihe present 
e respectively ihe ir 



and the jnlra-ventricular pressure curves, simultaneously recorded. The calibration 
of the auricular and ventricular membrane manometers are shown at the side. 
(Porter, W. T.. Figs. 1, 2. and 13. Plate XVIII.) 

1-2. Systolic rise. First cessation of flow. 

2-3. First diastolic fall. First period of great flow. 

3-4. Fiist diastolic rise. Second cessation of flow, 

\-$. Second diastolic fall. Second period of great flow. 

.=1-6. Second diastolic rise. Third cessation of flow. 

6-7. Third diastolic fall. Period of slight flow. 

7-1- Common pause. Slight flow, or stoppage. 

through the external jugular vein, above the curves of pressure in 
the auricle and ventricle, (Fig, 14.) The time of the auricular 
cycle is one second and the quantity of blood propelled during this 
entire period is 1.7 c.c. The relative volumes for the different phases 
are given in o.i c.c. 

Before concluding the discussion of the variations in the blood-flow, 
reference must be made to the changes which are produced by the 
simultaneous appearance of the respiratory and cardiac variations. 
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In Fig, 15 we observe that by far the largest number of the cardiac 
variations occur during the respiratory pause. Only two (3 and 7) 
coincide with respiratory phases. After the second and seventh 
systolic rises (auricular systoles) the blood-flow shows the usual in- 
crease (2 to / and 7 to /), but the succeeding period of slight flow 
during the last half of the auricular cycle is not present. Instead, 
there is an even greater onward flow (/ to E), which entirely destroys 
the depression that would otherwise occur during this secondary rise. 
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FlGURf. 15. — The cardiac and respiratroy VAriationi. 



The greater fall in intravenous pressure occasioned by the in- 
spiratory movement {/ to E) interferes therefore with the normal 
formation of the cardiac variations and gives rise to a blood-flow 
which is proportional to the sum of the intravenous pressures, caused 
by the force of the heart and by the depth of inspiration. 
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The same summation by interference occurs during the expiratory 
movement, but so soon as the respiratory pause commences, the car- 
diac variations again become prominent. 

Summary. 

1. The normal volume of the blood-stream in the external jugular 
vein in a dog weighing 13 kilos amounts to about 2.4 c.c, per 
second. The velocity is 147 mm. per second. 

2. By stimulating the vagus a total cessation of flow can be pro- 
duced. 

3. Section of both vagi increases the volume of the blood-stream 
2.S times- 

4. By compressing both carotid arteries the quantity of blood is 
reduced 57 per cent. 

5. The blood-flow in the external jugular vein is intermittent. 

6. Two types of variations arc present, namely those due to the 
respiratory movements and those caused by the changes in pressure 
during each auricular cycle. 

7. Inspiration quickens the flow, expiration lessens it. The con- 
spicuousness of the respiratory variations is dependent upon the 
frequency and the depth of the respiratory movements. 

8. By increasing the intrapleural negative pressure slightly by 
stimulating the phrenic nerves the blood-flow is exaggerated. Strong 
stimulation of these nerves, on the other hand, generally produces a 
retardation. 

9. During each auricular cycle the blood-flow ceases when the 
periods of rising pressure occur. The flow during the first and 
second diastolic falls is about ten times as great as during the 
other phases; therefore, in the frequent heart the duration of the 
entire cycle may be reduced to more than one-half before an appre- 
ciable loss in the quantity of inflowing blood would result. The 
second diastolic fall is more important than the flrst. 

10. When the respiratory and cardiac pressure changes occur 
synchronously, the volume of the blood-stream is determined by the 
combined influence of both factors. 
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I. Intkoductoky 

IN many of the experiments which have been carried out to deter- 
mine quantitatively the proteolytic power of pepsin under various 
conditions, the chief deductions have been drawn directly from the 
amounts of undigested or residual matter rather than from, the pro- 
portions of the digestive products themselves. In a majority of these 
cases the figures for undigested matter have doubtless suggested 
approximately correct conclusions in this regard, but it seems prob- 
able that, in some instances at least, quantitative studies of the 
albuminates, proteoses and peptones formed would have furnished 
more accurate and acceptable data. 

The wriler has recently been engaged in a study of the action 

of pepsin under varying degrees of acidity with a number of acids, 

and in the presence of different ions, the results of which will be 

reported later. In experiments of such character the increasing 

4C0 
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or decreasing amounts of acid associated with the pepsin, to say 
nothing of its quality, variously affect the proteid indicator, irrespec- 
tive of the influence on the latter of the enzyme. Different propor- 
tions of acidalbumin would be formed, also, with variations in the 
chemical character and physical condition of the proteid used to 
test relative zymolysis. If correct comparative deductions are to be 
drawn from the results of such experiments, it would seem that de- 
termining the amounts of albuminate present in each case would be 
almost if not quite as important as ascertaining the quantity of undis- 
solved or undigested substance. It is conceivable that in comparative 
cases where, for example, the undigested matter might be decreased, 
the proportion of acidalbumin formed by the mere solvent action of 
the acid might be correspondingly larger. To assume from the fact 
of diminished quantity of original proteid, in such an instance, that 
zymolysis had been greater in the one case than in the other obvi- 
ously would be unwarranted. 

In the first of the writer's ion experiments, previously alluded 
to, purified fibrin was used as the indicator. At the end of the di- 
gestive interval the residue was filtered on a weighed paper and a 
given portion of the filtrate carefully neutralized for the precipitation 
and quantitative determination of the albuminate. After standing 
from twelve to twenty-four hours the precipitate was filtered on a 
weighed paper and. after washing and drying, estimated in the cus- 
tomary manner. Later, however, it was discovered that boiling the 
digestive fluid from which the neutral precipitate had been filtered, 
caused a further precipitate, presumably of albuminate, which was 
not separable by neutralization in the cold. The amount of this 
precipitate seemed comparatively small, but of course, for accuracy's 
sake, could not be ignored. ■ The boiled fluid was either permanently 
turbid or minute flocks separated from it. The precipitate was 
obtained on boiling, in spite of the most careful neutralization of 
the digestive fluid. It likewise occurred independently of the char- 
acter of the alkali used in neutralizing, the acid associated with the 
pepsin, the length of time between neutralization and filtration, and 
the volume of the digestive fluid. ^ 

These facts led us to make a special inquiry into the accuracy of 

the neutralization method for directly precipitating and determining 

the quantity of acidalbumin in digestive mixtures. This simple 

method is desirable and convenient not only for the special experi- 

• See page 485 (or further reference to tlie influence of volume. 
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ments in progress in this laboratory, but also for various other 
proteid studies. Further, such separation by neutralization alone is 
particularly advantageous in digestive experiments because it can 
be made without affecting the associated proteid products. Direct 
determinations of any substance, when they can be made accurately, 
always possess advantages over indirect determinations. 

Very little attention hks been given to the quantitative determina- 
tion of acidalbumin. In those cases in which its approximate 
determination when present among other proleids has been desired, 
neutralization in the cold has been effected and then the precipitate 
has been filtered as in the writer's experiments just referred to. In 
most instances, however, acidalbumin has been determined as a part 
of albumin or globulin in the form of coagulated proteid; or, by 
reason of small amount or relative unimportance, has been ignored 
altogether. 

As an example of direct determination quantitatively the process 
recently referred to by Effront ' may be cited. In a general way this 
method has t>cen in occasional use for years. In the experiments 
by Effront the acidalbumin ("syntonin") in a fluid mixture of 
proteoses, peptone, etc., was precipitated by careful neutralization. 
The neutral mixture was allowed to stand for two hours and the 
flocculent precipitate which had then separated was filtered on a 
weighed paper. Boiling was not a part of the process. 

As we have already indicated, boiling the filtrate from the acidal- 
bumin obtained in the cold fluid usually yields an additional 
flocculent proteid precipitate, an occurrence suggesting that mere 
neutralization is not sufficient for effecting separation if particular 
quantitative accuracy is desired.^ Several theories to account for 
this fact suggest themselves. 

It is usually stated that albuminates are insoluble in neutral salt 
solutions, although not all observers are agreed on this point.^ It 

' Effront: Chemisches Centralblatt, 1899, ii, p. 457. 

> Umber, among others, has noted, in cases where only a slight amount of 
acidalbumin, or none at all, could he precipitated on neutralizing, that ihe neutral 
filtrate remained cknr on boiling, but additional "acidalbumin" separated on 
evaporation of llie fluid lo one-half its volume. .See Zeitschrift fiir physiologische 
Chemie, 1898, xxv. p. 263. 

'■Hkynsius: ChemiscliBs Centralblatt, 1876. p. S07; Mf^KNER : Jahresljericht 
der Thier-Chemie, 1877, p. 10; Savis : Ibid., 1887, p. 2; Nikoljukin; Ibid., 
p. 5; Hai.lihurtos : Text-book of chemical ptiysiolog)- and patholc^y, 1891, 
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may be admitted that these derived proteid substances, and particu- 
larly the dried products, are for the most part insoluble in neutral 
saline media, but the moist, freshly precipitated digestive albuminate 
is clearly soluble in solutions of various salts, as we ourselves have 
definitely ascertained.^ Consequently, on neutralization of its acid 
solutions, a portion of the acidalbumin remains in the salt solution 
formed in the process. On boiling the filtrate, however, some of 
this last residual portion is precipitated because albuminates are 
coagulable by heat in neutral saline fluids.* 

It appeared probable, also, that in the experiments in mind the 
associated proteoses and peptones exerted solvent action on the 
albuminate, thus increasing the retaining power of the solution and 
thereby helping to prevent complete precipitation on simple neu- 
tralization.^ 

We were inclined to believe for a time that carbon dioxide in the 
fluid, which might have influenced the indicators (litmus and lacmoid 
papers), was driven out on boiling and its possible solvent action 
done away with, so that the rest of the albuminate was then thrown 
down.* 

That the precipitate obtained on boiling was not due to earthy 
phosphate impurity in the reagents was definitely ascertained. 

As the neutral point is approached in such experiments as these, 
it is possible that portions of the albuminate which have already 
been precipitated are redissolved and perhaps modified by the dilute 
alkali, added drop by drop to the nearly neutral fluid. These dis- 
solved portions are not precipitated again in the cold, possibly, 



' See p^ge 4S7. Most ai the stAtemcnis regarding insolubility of acidalbnmin 
refer to the dried product prepared from muscle (issue. Uy many writers these 
statements have been accepted as including the acidalbumin formed during pepsin 
proteolysis. Acidalbumin prepared from muscle tissue begins to diminisli in 
solubility in dilute acid, even after standing tinder water for only a few minutes. 
Acidalbumin formed during peplic digestion is very different in this respect, for 
its solubility in dilute acid remains essentially the same, no matter ho v often it 
is washed, nor is its solubility altered by drying at 40° C. Even then it \s, soluble 
10 a certain extent in dilute salt solution. Myosin albuminate under these con- 
ditions is quite insoluble. See pages 464, 472, and 486. 

" We do not say above tliat all of the albuminate is precipitated on boiling, for 
ttie reasons given on page 474, 

» See page 479. 

* The alkaline fluids used in neulrallning were dilute KOH and NaOH. These 
naturally introduce some carbonate, no matter how carefully tlic pure solutions 
are handled in such experiments. See page 4^7. 
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because of the lack of acidity or on account of the solvent action of 
the increasing quantity of salts formed in the neutralization process. 

We are not aware of any combinations of albuminate with proteose 
or peptone, nor of transformations of these substances under the con- 
ditions of these experiments, which would account for the precipitate 
thrown down when the neutral fluid is boiled.' 

It seemed desirable, then, to determine the influence of the various 
factors referred to and, particularly, to ascertain the proportions 
of albuminate lost on neutralizing, as well as the proportion thrown 
down on boiling the filtrate from which the neutralization precipitate 
had been removed. The facts we have ascertained, bearing on the 
sufficiency of the precipitation method of direct determination of 
acidalbumin, are indicated in the summaries of our experiments on 
pages 470-484- 



II. Experimental. 

Freparatloa of aoldalbomln. — Two varieties of acidalbumin were 
used in these experiments. One was prepared from muscle with 0.2 
per cent HCl at room temperature, the other from fibrin with pepsin 
— HCl (0.2 per cent) at 40°C. 

Acidalbumin from muscle. — A. Several pounds of fresh, lean meat was finely 
minced in a meat chopper and the hash thoroughly washed in running 
water for thirty-six hours. After straining the last washings through cloth 
the hash was placed in an excess of 0.2 per cent HCl and kept there for 
twenty-four hours. At ihe end of that time the acid extract was filtered 
and the " syntonin " separated by neutralization with dilute KOH. The 
sejiarated precipitate was redissolved in o.a per cent HCl and reprecjpi- 
tated three times with dilute KOH for the complete removal of impurities. 
The final precipitate obtained from the filtered solution was fiequently 
wasiied during twenty-four hours by decantation in seven to eight litres at 
a time, at first with ordinary water, at last with distilled water. All of the 
washings contained substance yielding the biuret reaction and causing very 
faint turbidity on boiling. A trace of this sul>stance persisted in the 
washings, indicating a slight solubility of the freshly precipitated material 

' The solutions were not sufficiently concentrated for the separation of hetero- 
proleosc, nor was there any acidity for ihe precipitation of aeroproteose. The 
preci|)ilate bore no resemblance to "coagulated" hettroproteose. There is no 
reason for believing that djsproKose separated under these conditions. 
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even in waier. The precipitate was finally filtered off, spread on a glass 
piate in a thin layer and dried in a few hours in warm air at a temper- 
ature slightly under 40° C The dried material was eventually ground 
to a very fine powder before using. About 50 gms. were prepared. 

B. A second preparation from washed meat was made by essentially the 
same method as that used for the separation of the first, l"his prepara- 
tion was not dr^ed, but the moist substance after thorough reprecipitation, 
washing, filtration, etc., was used in the sixth experiment, as indicated 
on page 478. In this preparation, also, the washings, in spite of their 
volume and frequency, contained, to the last, a trace of substance separ- 
able by boiling. Phosphates were absent from the later washings. 

Addalbumin from fibrin. — C. A considerable quantity of fibrin, which had 
been kept in 95 per cent alcohol for some lime, was put through a meat 
chopper and the alcohol thoroughly washed out in running water. After 
the completion of the washing process the fibrin was placed in a mod- 
erate amount of HCl (0.2 per cent) containing only a very small propor- 
tion of pepsin and was kept at 40° C. for about an hour — until practically 
all of the fibrin had dissolved. The amount of pepsin selected was small, 
and the period of digestion short, so that the proportion of albuminate at 
this stage should be large. The digestive mixture was now brought quickly 
to the boiling-point, to destroy the pejrain; was kept at the boiling-point 
for a minute or two, and then immediately cooled to about 25-30° C. 
The cold filtrate ivas next neutralized with dilute KOH, and the heavy 
flocculent precipitate redissolved in 0.2 per cent HCl and reprecipitated 
once with dilute KOH, after which it was repeatedly and very thoroughly 
washed by decantaiion in large excess of ordinary water and, finally, in 
distilled water. The substance settled quickly and could be washed 
repeatedly in twenty-four hours. Even to the last, the washings gave 
biuret reactions and became turbid on boiling, just as with the product 
ohtaineil from muscle. It seems necessary to conclude that tn this case 
.ilso the freshly precipitated material was slightly soluble in the water. 

The freshly preci|>itated substance was used in the first experiment, as stated 
on page 470. 

D. The second preparation of acidaibumin from fibrin by digestive process 
was made in essentially the same manner as the previous one. Fibrin 
boiled in water, and then extracted in alcohol and ether was used. The 
precipitate was washed in about fourteen litres of water frequently during 
twenty-four hours. Even to the last, the washings again became slightly 
turbid on boiling and on the addition of i)icric acid. On warming, the 
turbidity with the latter appeared to diminish somewhat and to increase 

' The time required for the drying was too short for any perceptible bacterial 

changes to have occurred. 
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again on cooling, facts indicating the presence of proteose with acitl- 
albumin.' 

The moist substance was finally dried in a thin layer* in warm air at a tem- 
perature below 40° C. The dried substance was finely powdered. It 
weighed a.5 guis. 

E. A third preparation of acidalbumin was made from fibrin by enzyme 
action. The fibrin had not been boiled, although it had been thoroughly 
washed in alcohol. This sample also was made by the general method 
just outlined. The neutralization precipitate was redissolved in 0.2 per 
cent HCl four times and as frequently reprecipitated with dilute KOH. 
Extreme care was taken to wash thoroughly and frequently. The precip- 
itate was whipped up repeatedly in as much as fourteen litres of water 
at a time. The final washings in distilled water were almost entirely free 
from substance giving the biuret reaction and yielding turbidity on boiling 
or on treatment with picric acid. At this point the substance was divided 
roughly into two portions. 

«. The first portion was dissolved in o.t per cent HCI, the solution 
diluted with an equal volume of water and filtered. The filtrate was pre- 
cipitated with dilute KOH and the proteid, after thorough washing for a 
few hours, was spread on a glass plate and quickly dried below 40° C. 
as usual. Twelve grams were obtained. 

b. The second portion was dissolved in 0.2 per cent HCI, allowed to 
stand several hours, without dilution, and then precipitated, washed and 
dried as was the first portion. It weighed about 30 gms. 

The washings of both portions at first showed au increased content of acid- 
albumin. Merely a trace was present in the final washings in distilled 
water. 

r. The fourth preparation of acidalbumin (rom fibrin was made from several 
hundred grams of the proteid which had not been boiled in water, but 
which had been very thoroughly extracted in alcohol and in ether. The 
method of preoaration was the same as that for the previous products. 
The acidalbumin was thoroughly washed in fourteen litres of water eight 
times during lorty-eigiit hours. At the end of the process only a mere 
trace of coagulable substance was detectable in the distilled water wash- 
ings, and in the last two washings no satisfactory biuret reaction could 

' The washing was done frequently during twenty-four hours, and there was 
hardly time enough for bacteria to develop and form proteose. Il is possible that 
in the course of twenty-four hours slight bacterial changes did occur without our 
knowledge. The water used in wasliing all these preparations was kept free of 
antibacterial substances so as to prevent possible transformations of the desired 
products through such chemical agencies. See page 486. 

* Higher temperature was avoided to prevent possible transformation into a 
less soluble product. 
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be obtained without concentration. The moist substance, after it liad 
been allowed to drain, and after excess or moisture had been expressed 
from it through hard fiUer paper, was used in the experiment referred to 
on page 487. 
Q. A mixture of residues of D and B was used in the eleventh experiment, 
described on page 484. 

Aoids employed (aalu formed). — In order to test the precipitation 
method as thoroughly as possible the following acids were used : 
hydrochloric, nitric, chloric, sulphuric, arsenic, phosphoric, acetic, lac- 
tic, oxalic, tartaric and citric. All these were carefully titrated with 
standard alkali and appropriate indicators, and made equivalent to 



IT 



NaOH.i 



In our experiments the acidalbumin was transferred to the acid and, after 
solution of the substance, most of the fluids were carefully made neutral 
to litmus. Mixtures in which acid salts were formed were tested with 
lacnioid paper. Alkali was added to these until all free acid was exactly 
transformed to add salt. 

!n all cases permanent, bulky precipitates were formed even while some free 
acid still remained in the fluid, a fact in harmony with previoui^ olnerva- 
tions by various investigators," Tlie maximum effects were obtained at 
the neutral point, however, or when free acid was present only in inap- 
preciable traces.' 

' f'J HCl contains 0.36 per cent HCI, 5"^ HjSOj contains 0.49 per cent H,SO(, 
S5 H,PO, contains 0.33 per cent HjPO,. These strengths of acid are approxl- 
matelv equivalent to those used in representative peptic digestive experiments. 

' The salts formed on neutralization help precipitation. The more saline 
matter pre.sent in the fluid the greater the acidity may be without the exertion of 
solvent action on the part of the acid. This fact accounts for the heavy turbidity 
observed in some of the fluids, while free acid was still detectable in them. This 
precipitation occurred earlier in some than in others, doubtless because of tile 
different influence of the anions. It appeared in the sulphate solution as qnickly 
as in any, SO4 seemingly being helpful to the precipitation of acidalbumin. 

' In reprecipitaling several of our main products it was observed that when 
the solution wa,s carefully carried from acid to txact neutral reaction, the 
supernatant fluid over the main bulk of the precipitate remained somewhat milky. 
On adding a little more dilute alkali the substance causing the turbidity became 
flocculent and settled out quickly under a perfectly clear fluid. The latter still 
remained neutral to htmus. In our quantitative experiments neutrahzation was 
carried to the point of Hocculation in a perfectly clear fluid. This point corre- 
sponds very closely with the point of neutralization of acid and alkali. The 
filtrates from the neutral precipitates were " water-clear." See footnote, page 469. 
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ProteoBOB and pAptones naed. — VVitte's peptone was used in all of 
the experiments in which we determined the influence of the digestive 
products on the precipitation of acidalbumin. 



In such experiments weighed amounls of dry Witte's peptone and our acid- 
albumins were dissolved in given quantities of each of the acids above- 
mentioned. With most of the acids all of the substance comprising 
the "peptone" completely dissolved. In others, however, a perma- 
nent precipitate was formed, either immediately on admixture or later 
on neutralizing. In each case we detem>inert accurately the amoimts 
of the precipitates of such extraneous matter and made corresponding 
corrections in the data subsequently obtained. 

The following summary gives our results in this connection, no precipitate as 
bulky or as heavy as that in HCl having been obtained with the acids not 
mentioned below. 

Summary. — loo c.c. of each acid was taken. All were equivalent to-^ NaOH, 
Weighed peptone (Witte's) was dissolved in each.' The solutions were 
left standing several hours, and then neutralized with dilute KOH, litmus 
or lac moid the indicator — in some cases before boiling, in others while 
the fluid was at the boiling point. After neutralization each mixture was 
allowed to stand over night and then was filtered. Subsequent boiling of 
the neutral Hltrate failed to cause turbidity ; neither did longer standing 
result in further separation of solid matter. 



Add. 


Amount of pep- 
tone dissolvecL 
Gram. 


Time of 

neutralization. 


Amount of 

neulraliiation pre- 

chntate. 
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A. Oxalic 
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b O-l 
<- 1,0 
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Before boiling 
After 

Iktore " 
After '• 
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B. Phosphoric 


■a 10 
b 1.0 


Hefore " 
After 


0.0146 

o,oi.=;8 


C. Citric 


a 1.0 
* 1.0 


Before ■' 

After 


0,0091 
O.O0.S8 


D. Tartaric 


a 1.0 
* 1-0 


Before " 
After 


00118 
00076 


E. Hydrochloric 


a 0.5 
* 1.0 


Before " 


0.0032 

aoosa 



1 Samples of the preparatioti used in the succeeding experiments. See page 469. 
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Com[)ouncls with calcium and with phosphoric acid doubtless account for the 
greater portion of the above precipitates, VViite's peptone contains both 
of these. The Iwiling process does not ap]iear to liave increased the 
qiiaiilily of the precipitated matter, but rather decreased it in most cases. 

QaantitleB of aoUda and fluldn takan. — Unless Otherwise stated, 
100 c.c. of acid was used for each experiment of a series. The quan- 
tities of acidalbumin were usually between 0.05 and 0.5 gm.; of 
peptone, between 0-5 and i.o gm. 

We pHr[3oseIy used small amounts of both sohds and fluids, believing that the 
method could be tested most effectively by so doing. With comparatively 
large quantities of the proteids and fluid, defects of manipulation are apt 
to cause appreciable errors. Small quantities are more easily and 
accurately handled. The amounts and proportions employed were such 
as have figured in the past in typical digestive experiments. In our main 
series of experiments we used portions of the same general supplies of 
the acids and Witte's peptone throughout, No variations were intro- 
duced, therefore, by reason of differences in the character of the mate- 
rials used. In all cases where the dry acidalbumin was used we refer 
to the product dried below 40° C. The amount of water in the " air- 
dried " preparations was accurately determined by drying to constant 
weight at 100-105° ^' '" ^^ usual manner and due correction made 
as indicated below. 

PreoipitatiaD of aoidaibumiti. — The albuminate was first dissolved 
in the acids alone as already indicated, or in the acids with their con- 
tent of Witte's peptone. The mixtures were usually allowed to 
stand in this condition for an hour or more, when careful neutraliza- 
tion was begun and completed as soon as possible.' 

The neutralized fluids with their precipitates were allowed to stand 
undisturbed until the following morning, when the solid matter was 
filtered on weighed papers, washed with water until free of soluble 
matter' and eventually dried in the air-bath in the customary 
manner. In the summaries farther on we give the corrected final 

' The combining power of the " peptone " for the acid did not, as will be seen, 
appreciably influence the effect of neutralization. Acid combined by the peptone 
was doubtless too slight in amount to be of significance in this connection. 

^ In only a few instances were the filtrates turbid. By repeated liliration the 
solid matter was retained. The washings, also, on several occasions manifested 
initial turbidity, but the solid substance of these was likewise held after several 
nitrations. As these washing.* were always neutral it is difficult t 
the turbidity on any other than mechanical grounds. 
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weights in each case.' Other matters of method are indicated with 
the summaries of each experiment. 

'I'he completeness of precipitation of acidalbumiii from its acid solutions by 
neutralization depends lai^ely on the amount of saline matter present.^ 
In our own experiments the acid was dilute and the final content of salt 
in the fluid on neutralizing was small, though sutRcient for the precipita- 
tion of the amounts used. We were careful to carry the adtliiion of acid 
lo the point of exact neutrahty or disappearance of free acid, which 
method, by cautious manipulation, was found to give the maximum 
amounts of precipitate.' Various observers, among tliem recently Spiro 
and Pemsel/ have noted the difficulty of completely precipitating 
acidalbumin on neutralizing and it is, perhaps, a fact not generally 
appreciated. 

First experiment. — In this experiment we endeavored primarily to 
get an accurate idea of the relative proportion of subslance thrown 
from the various neutral filtrates on boiling. 

Summary. — Fibrin acidalbumin of preparation C was employed. Several 
grains of the latter was dissolved in a few c.c of ,"{, HCI and 3 c.c. of 
this solution added to each of the acids — 100 c.c. ^\ or e(|uivalent 
thereto — and also to 100 c.c. HjO. Neutralization was made with dilute 
KOH in this and the four succeeding experiments. The neutral filtrate 
was brought to the boili'' ''-point and maintained there about a minute. 
The gravinieiric resu' ..e shown in the table on page 471. 

All the above filtrates that were obtained after boiling gave the 
biuret reaction and yielded slight amounts of proteid substance with 
alcohol.* This precipitate dissolved in water and gave the proteose 
reaction with picric acid. This (act suggested that proteose was con- 
tained in the substance in spite of the thorough washing to which it 
had been subjected.^ Possibly, however, some of the proteose was 
derived from the albuminate on boiling.^ 

' See facts regarding precipitates of extraneous matter from the peptone, 
page 468. No allowance was made for the ash of the neutralization precipitates. 
The quantities of ash were entirely too slight to affect the figures given. 

' See footnote a on page 467. 

' The formation of alkaline salts was avoided. See page 467. 

• Spiro and Pemsei, : Zeitschrift fiir physiologisclie Chemie, 189S, xxvi, p. 236. 
' A large proportion of this precipitate was inorganic matter. 

• See page 4S6. 

' See page 489. The amount of saline matter present in the fluid was quite 
sufficient for complete precipitation of the acidalbumin. 
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In ibis experiment the precipitate obtained on boiling the neutral 
filtrate amounted, usually, to from 5 to 25 per cent of the quantity 
separated in the cold with dilute alkali. It is to be noted that no 
precipitate was obtained, on boiling, from the " control " nor from the 
solution of citrate. Further, it will be observed that the amount of 
albuminate recovered from the "water control" was greater than 
from any other solution. In this slightly acid mixture the amount 
of saline matter was comparatively small and solvent action on the 
acidalbumin greatly reduced therefore,* 
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{a) 0.0»5 


(*) 0.0W 


Ratio. ^ : * = 12 ; 1 



Second experiment. — In the preceding series we did not know the 
e.-^act amount of substance taken to begin with. Further,, by dissolv- 
ing the albuminate in HCI| ^nd distributing it in such solution, we 

1 It will b« remembered that 3 c.c. of ^"^ HCI solution of acidalbumin was added 
to the water. The very sliglit proportionate acidity resulting thereby was sufficient 
to keep all of the substance dissolved. 
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introduced a small amount of the HCI into all of the acids and in the 
water, and thus, perhaps, tended to complicate matters. In this ex- 
periment we began with accurately weighed amounts of dry substance. 



Summary. — 0.2 gm. portii 
weighed carefully and 
it of albuminale ai 



lis of fibrin albuminate of preparation D were 
transferred to the acids. The weight of this 
100-105° C. was found to be 0.181 gm,* 
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Each final filtrate gave the biuret reaction and, when treated with 
95 per cent alcohol, yielded a slight amount of substance, which 
appeared to be proteose in part. These and the above results seem 
to indicate that some of the original acidalbumin remains in solution. 
The proteose probably came from some of the dissolved albuminate 
on boiling. The average proportion of substance separable on boil- 

' See footnote 2, page 466. 
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ing was somewhat less in this experiment than in that preceding. 
In several cases, however, it was unusually large, probably because 
of inaccurate neutralization in the first place. The variations in the 
total amounts recovered are slight, and within the limits of unavoid- 
able experimental errors, which shows that there are only insignifi- 
cant differences in the precipitative influences of the various salts 
formed from the acids under these conditions.* 

Third experiment. — The preceding experiment was repeated, but 
with myosin albuminate. Preparation A was used for the purpose. 
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Summary. — 0.3 gm. portions of "syntonin" were careMly weighed and 
iraiisferred to the acid:i. The weight of this quantity of i)Ul)stance afler 
drying in the air-bath was 0.275 8™- Much of the material failed to 
dissolve in the acids, even after twenty-four hours with frequent stirring. 

' This will be found the case in all our experiments. See footnote, page 467. 
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'riie drying iiad malerially affected its solubility. The freslily precipitated, 
moist substance, however, is very easily dissolved in acids much more 
dilute than those used here. The sulphuric acid seemed to have the least 
solvent action. The washings from the precipitates obtained on neutral- 
ization of the hydrochloric and oxalic acid solutions gave respectively 
3 and 6 mgms. of substance on boiling. These amounts were included 
in those for the neutralization precipitates, given in the table on page 473. 

It will be observed that the average amount of precipitate obtained 
on boiling is very nearly the same as in the previous experiment, but 
that its proportion of the neutralization precipitate is less than be- 
fore. The acidalbumin prepared from muscle is less soluble iti 
neutral saline solution than that obtained from fibrin through the 
action of pepsin. The proportion of total substance recovered is 
large, 85.8 percent, but, nevertheless, a slight loss resulted — a fact 
doubtless due, in great part at least, to transformation on heating,' 

The final filtrates gave typical biuret reactions and precipitates 
with alcohol which, when dissolved in water, responded faintly 
though distinctly to the proteose reactions with picric acid, polassio- 
mercuric iodide, etc. This fact emphasizes the conclusion stated 
above, and further convinces us that in the boiling process some 
of the albuminate held in solution is converted into proteose. 

Fourth experiment. — The preceding experiments made it clear 
that a small though appreciable quantity of acidalbumin remains in 
solution when the acid holding it is neutralized; further that, on boil- 
ing the neutral filtrate, a part of this remaining albuminate is precip- 
itable, whereas the larger portion appears to be converted into 
non-coagulable material. We next endeavored to ascertain the in- 
fluence of proteoses and peptone on the precipitability of acidalbumin. 
Summ-jry. - 0.2 gm. samples of fibrin albuminate, preparation E, portion a, 
were used. This amount was e(|uivalent to o. 180 gra. of substance dried 
at 100-105° *-■ 'o constant vfcight. The weights of Witte's peptone in 
this and subsequent experiments are for substance as it was received in 
the original package. The fluid in the iitst of each pair of experiments 
with oxalic and hydrochloric acids (a) was neutralized at the boiling 
])oint, after nearly all of the acid had been previously transformed to 
salt; that in l!ie second (b) was neutralized as usual before boiling. 
Neutralization in all of the others was made as before in the cold. 

' We do not overlook the fact that ihe usual errors of manipulation might 

account for tlie observed difference between the quantity taken and that recovered. 
Our weigliings, fillrations, etc., were very carefully conducted, however, and such 
errors were reduced to aji inappreciable niinlmutn. 
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Acid. 


Amount oC 
Weight of neutratiza- 
peptonc. tion 

precipitate.' 
Gram. 1 Gram. 


Quantity of 

boiling the 

neutral filtrate. 

Gram. 


Total 

amount of 

recovered. 
Gram, 






0133 
0.154 


..„ 


0133 
0.1.S4 


^i* 


0.."; 

0."; 


0,129 
0.127 


0.006 


0.129 
0.133 


3{* 


1.0 
1.0 


0.130 
ai27 


aoo7 


0,130 
0,134 


B. Oxalic 1 \"i, 




0.146 
0.145 


none 


0146 

ai4s 


^ \i 


0.,'; ■. 

05 


0141 

0.146 


0,005 


ai4i 

0151 


Mi' 


1.0 

Ifl 


0.129 

0.143 


0007 


0,129 
0,150 


C. Tanaric 1 
2 
3 


0.5" 
1-0 


0.14.S 

0.13S 
0.137 


0.004 


0,14.'! 

ai38 

0.141 


2 
3 


'ds' 

1.0 


0149 
0.139 
ai5S 


0,007 


0,149 
0.146 
0.155 


E. Suljihuric 1 
2 
3 


1.0 


0.1. =i3 
0.1,18 
0.147 


0.010 
COW 


0.153 
0.16S 
0,152 


/?. Niiric 1 
2 
3 


o.s' 

1.0 


0148 
0.1,i6 
0.144 


aoo3 


ai48 
0.1.56 
0.152 


(7. Citric 1 
2 
3 


as' 

1.0 


0.161 
0.1S9 
0.1 7.S 


0,006 


0-161 
0.165 
0.1 75 


.ff. lactic 1 
2 
3 


as" 

1.0 


ai,s2 
ai."!! 

0.14O 


0,001 

aooi 


0.152 
0.1,S2 

0.141 


Average « 1 
3 


oi' 

1.0 


(1)0.151 ■ 
0.I4T 
0.140 


(innoiM 
0001 
0.00t 


|i 11)0,161 
0.1S1 
0.1S0 


Ratio. I: II (Eor2ar.il 3) = 37:1. 


6.1 per cent. 
d), 0,032 gm.= l 

n and 2.M per c 


7.8 per cent. 
ent of lit. 


< Due correction has been made, as indicalcd on pag 
» Tliese averages do not include any of (he figure 
represent, tlierefore, the average precipitation under un 
See references in Ihia connection on page 474. 


468, 
3 for « in ^ an 

bnn condiliona 


d B. They 

throughout. 
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The tinal filtrates from those fluids into which peptone had not 
been introduced gave the biuret reaction, faintly though distinctly. 
It was strongest in the chloride and oxalate fluids. The delicate pre- 
cipitate obtained on treatment with alcohol was composed in part of 
proteose. The alcoholic turbidity also was greatest in the chloride 
and oxalate filtrates. 

These results are in harmony with the preceding in showing slight 
losses of albuminate.' The peptone appears to be without any par- 
ticular influence. The quantities of acidalbumin recovered seem to 
be below the average in the chloride solution and somewhat above it in 
the citrate. These data accord with the facts, however, that acidal- 
bumin is fairly soluble in chlorides and less soluble in equivalent 
amounts of citrates. The quantity recovered from the citrate solu- 
tion has been relatively high in the preceding experiments, also. 

A singular occurrence in this experiment, one rather difBcult to 
account for in the light of the results of succeeding series, was the 
fact that all of the cold neutral filtrates which were free from peptone, 
failed to. yield a further precipitate on boiling. Most of the cold 
filtrates containing peptone, on the other hand, gave appreciable 
quantities of coagulum. 

Fifth experiment. — In this experiment we repeated parts A and B 
of the fourth experiment. Fibrin albuminate from the second portion 
of preparation B was used. 

Summary. — 0.2 gm. portions of Uie substance (E, b) were weighed into each 
beaker. This quantity corresponded to 0.179 Sm- of substance dried 
to constant weight at 100-105° C. 

The general results and conclusions of this experiment are the 
same as those of the foiit-th. It will be observed that second precip- 
itates were obtained in only those fluids which had not been previously 
boiled. There is no particular difference in the action of the 
chlorides and oxalates. The proportion of unrecoverable substance 
in this experiment is practically the same as that of the preceding, 

1 The amount of saline matter contained in the ori^nal albuminate was small. 
Portion b of Preparation E, Cor example, contained only o 36 per cent ash. It is 
hardly possible, therefore, that tlie loss of substance was due to removal of in- 
organic admixture on re precipitation. All of our albuminate preparations, it will 
be recalled, were originally reprecipitated several limes and frequently washed 
before drying, in which process inorganic matter was very tlioroughly removed. 
See footnote 2, page 47S. 
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although different preparations of acidalbumin were used. The final 
filtrates gave the usual proteose reactions. 





Weight of 


Amount of 


Quantity of 
precipitate on 


Total 
amount of 


Acid. 




boiling the 








precipitate.! 


neutral filtrate. 


recovered. 




Gratn. 


Gram. 


Gram. 


Gram. 


A. Hydrochloric \^f 




0133 

0.128 


0.004 


0.133 
0.132 


m; 


OJ 


0.141 


none 


0.141 


0-5 


0.1M 


0.005 


0.169 


iJ" 


1.0 


ai.54 


none 


0.1.'i4 


M* 


1.0 


0.131 


0.014 


0.145 


B. Oxalic 1 j ^ 




0.116 
0.145 


none 
0.002 


0.146 
0.147 


3|; 


0.5 


0149 


none 


0.149 


OJ! 


0148 


0.002 


0.150 


A-> 


1.0 


0.1 52 


none 


0.152 


1.0 


0144 


aooj 


0.153 


Average 1 a 




(1)0.140 


(11) none 


(11110.140 


i« 


d-s' 


0.141 




0.14S 


8a 


1.0 


0.1S8 


" 


O.IU 


1 i 




0.186 


OOOS 


0.140 


2 i 


0.8' 


O.IH 


O.003 


0.160 


S * 


1.0 


OUT 


0J)1S 


0149 


Average toi»I quantity of acidalbumi 


lost. 0.029 gm. 


= 16.2 per cent. 




Average quantity of acidalbumin lost 


n neutralizing (c 


old), 0.035 em- = 


19.5 per cent. 


Average ratio I : 11 (*) = 24 : 1. 








The average for 11 A (1-3) = 3.35 per 


cent of the origin 


a1 acidalbumin a 


d 4.0 per cent 


of the average for HI. 








Averages. A. I.O.IK; Il.OOM; I 


r, 0.146 gm. 






B. I,0.U7; 11,0.002; I 


I, 0.149 gm. 






^ See footnote, page 475- 








' As in the previoiu experiment, a sign 


ties n/Z^r boiling 


;*,*//<"•' tw'li"g 


See page 474. 



Sixth experiment. — The preceding experiment was repeated. 
Muscle albuminate was used, instead of the product from fibrin. The 
freshly precipitated substance was taken because of the insolubility 
of the " air-dried " product. 



oy Google 



478 

Summary. 
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Preparation B was used. A liitle over 4 gms. of the moist sub- 
stance was dissolved in 425 c.c. of each acid, giving about i gm. of the 
freshly precipitated material to each 1 00 c.c. Of this solution, 1 00 c.c. was 
taken, as usual, for each of the four tests of a series. The amount of solid 
sul>stance in the moist syntonin was not determined directly. Dilute NaUH 
was used to neutralize the acids ' in this and all subsequent experiments. 



0.0S4 
0.051 
0-Ofrt 
0066 

0,066 
0.070 
O077 
0079 

0-074 
0.074 
0081 
0.079 



Qiianttly of Average total 
precipitate [ amount of 
ya boiling the acidalbumin 
leutral ftttrate. ' recovered. 
Cram. ' Gram. 



' See footnote, [wge 475. 

* The first of each series was neutralized hefori boiling, the rest after (he boiling 
point had lieen reached. 



Each of the final filtrates from the fluids which had not received 
Witte's peptone gave delicate biuret reactions and slight precipitates 
in alcohol. These possessed proteose qualities.''' The biuret reac- 
tions, as usual, were strongest in the chloride and oxalate solutions. 

' No differences were observed in (he effects of the alkalies used in the 
neutralization process. The anions of salts of (he alkali metals vary somewhat in 
their effects. In these experiments, however, their influences have not been 
particularly appreciable. See page 4(17. 

' We cannot believe that a trace of active pepsin adherent to (be original acid- 
albumin caused the appearance of proteose at this point in all these experiments. 
The boiling of the digestive mixture before the first precipitation of the acid- 
albumin surely sufficed tor the destruction of all of the enzyme. See methods of 
preparation, piage 465. 
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The comparatively high results for acidalbumin precipitated from 
the phosphate and oxalate fluids are doubtless due in great measure 
to phosphate and calcium impurities in this particular preparation of 
the proteid. The amount of precipitate obtained in this experiment 
from the neutral filtrate on boiling is perceptibly less than in any 
heretofore. The failure to obtain such turbidity in the peptone 
mixtures may mean that the peptone has actually aided complete 
precipitation. On the other hand, there is just as much reason for 
assuming that the peptone holds the slight quantities referred to in 
solution. Only the first fluid of each series — neutralized before 
boiling — yielded a second precipitate. 

It might be assumed that the peptone aids precipitation from the 
fact that the precipitates from the peptone mixtures are slightly 
greater here in each case than the precipitates not associated with 
peptone. We have just suggested a reason for this. Aside from the 
explanation already offered, the extreme difficulty of washing out last 
traces of peptone makes us still more doubtful that these slightly 
higher figures should be regarded as particularly significant. 

We are justified, we think, in concluding from this and the fore- 
going experiments that the peptone has little if any constant, appre- 
ciable influence. Our further results harmonize with this deduction. 

Experiments 7-10. — These experiments were carried out to 
ascertain the influence of increase and decrease in the quantities of 
digestive albuminate present in the fluids to begin with, the volumes 
of the latter remaining the same. The methods of the previous 
experiments were followed in detail. 

Summary (7) , — o. i gm. samples of fibrin albuminate of portion a, preparation 
It were used. This amount of substance at loO'ioj" C. = 0.090 gm. 
Results are tabulated on page 480. 

Although the quantity of albuminate was reduced in this experi- 
ment, compared with the results of those in which 0.2 gm. was used, 
little proportionate diffei~ence is to be noted in the amount of preci- 
pitate obtained on boiling. Appreciable loss of acidalbumin was 
observed as usual. Preliminary boiling here did not seem to favor 
the highest quantitative precipitation. The process of first separating 
the neutralization precipitate and then boiling the filtrate appears to 
be best. In all probability preliminary boiling results in increased 
hydration. 
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wy, 


Amount of 


Quantity of 


Total 
amount of 
acidalbumin 


Add. 


neutralization 


precipitate on 

bniiing the 
neutral filtrate. 




peptone. 


precipitate.' 


recovered. 




Gr^m. 


Cram, 1 Gram. 

1 


Gram. 


A. Hydrochloride* 




0.065 
0.068 


none. 
0,003 


a06S 

ao7i 


M2 


0.5 


0067 


none 


0.067 


OS 


a072 


0,010 


0082 


A\ 


1.0 


0.06.'; 


none 


0,06,'i 


1.0 


0.063 


0-006 


0,069 


B. Oxalic 1 J I 




ao7i 

a074 


none 


0,071 
0.074 


Ai 


0.."; 


0.063 


none 


0,063 


0..'; 


0.06S 


0,0M 


a072 


^J" 


1.0 


0.067 


none 


0.067 


3j* 


1.0 


00,S9 


ao04 


0,063 


Average, \-3-A 




(1)0,067 


(11)0.008 


(III) 0.070 


B 




0.067 


0.001 


0,068 


Average tolal quaniitjr of acidalliumi 


lost, 0,021 gm. = 23.3 per cent. 




Average quantity of acidalbumin lost 


n neutralizing (cold), 0,023 gm. = 


2S.S per cent. 


Average ratio. I : 11* = 34 : 1. 






The average for IE * (1-3) = 2.22 per 


cent of the original substance an 


d 2.90 per cent 


of the average for III b 






• See footnote 1, on page 47.^. 


= See footnote 2, on page 477. 



. Summary (8). — 0.4 gm. samples of fibrin albuminate, portion b, preparation 
B, were used. Dried to constant weight, this amount contained 0.35S gm. 
substance. 
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Acid. 


wy, 

peptone. 


Amount of 
neulraliution 

Gram. 


Quantity of 

precipitate 

on boiling the 

neutral filtrate. 

Gram. 


Total 
amount o( 

Gram. 


A. Hydrochloric l{^' 

B. Oxalic 1 j \ 


as 

0.S 

10 
1.0 

0.5 

oi 

1.0 
1.0 


azsi 

0.284 

0288 

0-3Z1 

0.296 
0.2S0 

0315 
0305 

0303 
0312 

0309 

0.291 


0«)9 

0.005 

0,017 
none 

oooe 

OXKW 

aoi4 


0.281 
a293 

0.286 
0326 

0.296 
0.297 

0315 
0313 

0-303 
0321 

0309 
030S 


Average \-i-A 




"'SIS 


'"'S;S!I! 


(111)0.997 
0.811 


Average total quanlily of acidalbumin lost, 0.051 gm. = 15.1 per cent. 

Average ratio. 1 : I[« = 60 I 1. 

'I'he average ioxWb (1-3) = 1.40 l>er cent of the original suhsUnce and 1 64 per cent 
ofthe average for III J. 


■ See footnote 1 


on page 475. ' See footnote 2, on page 477. 



In this experiment four times as much acidalbumin was taken as 
in t"he previous one, yet the actual amount of precipitate obtained 
on boiling was only slightly increased ; its proportion decreased. As 
in the preceding and some earlier experiments, the precipitate 
thrown down on boiling was obtained only from those fluids which 
had not been heated previous to their neutralization. In all the 
final filtrates, biuret reacting substance could be detected — doubtless 
proteose formed in the boiling process. 

The amount of albuminate recovered from the chloride solutions 
was slightly less than from the oxalate, although in the previous ex- 
periment, and before that, little difference between the two was 
noted. Such differences as have been observed have not been at 
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all constant, probably for the reason that the variations are within 
the limits of unavoidable experimental error. 

The conclusions drawn from experiments 7 and 8 will be found to 
hold for the results of the two following ones. 

Summary {9). — o. i gm. samples of acidalbumin from fibrin were used, por- 
tion a, preparation B. This quantity of substance was equivalent to 
0.090 gm., dried at 100-105° C. 



Add. 


VlTcifiht 


neutralization 


Quantity of 

on^Sg'he 
neutral filtrate. 


Total 
amount of 




peptone. 




recovered. 




Gram. 


Gram. 

0.069 


Gram. 


Gram. 


.*. Oialic 1 




aoo3 


0.072 


% 




0.069 




0.069 




os" 


0.067 


0006 


0073 




1.0 


0.057 


none 


0.057 


B. Tartaric 1 




0.064 


0.004 


0.06S 






0-067 


0004 


a071 




0.5 " 


a068 




0.068 




1.0 


0.064 


" 


0.06t 


C. Phosphoric 1 




ao7z 


0.003 


0-075 






0.070 




ao70 




0.5 ■ 


aos8 


0007 


0.0(^ 




1.0 


0068 


0XX)6 


0.074 


D. )Jydrochloric 1 




a066 


0004 


0070 






0.070 


OOQJ 


0073 




o..r 


0.068 


0.006 


0.074 




1.0 


a068 


none 
(11) 0.00« 


ao6s 


Average (1-41-.4 




(1) 0.0S6 


(111)0.067 


B 




0.066 


o.ooa 


0.066 


C 




0.0G7 


0001 


0.071 


D 




0.068 


0.00) 


0.071 


Average total quantity 


of acidalbumi 


n lost, 0.021 gm. = 233 per cenL 




Average quantity of ac 




on neutralidng (cold),'0.023 gm. = 


25.5 per cent. 


General average ratio. 


I : 11 = 22 


1. 




General average for II 


~ 3.33 per ce 




4.35 per cent 


of the gen 


era] average f 


r III. 






' See for 


tnote, on page 475. 
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Summary (10). — 0.340 gm. samples of fibrin albuminate, portion b, prepara- 
tion B, were used. This quantity of substance corresponded with 
0.340 gm. substance dried to constant weight at 100-105° ^- 



Acid. 


"'Jf' 


A„,=, 


Quantity of 

precipitate 

on boiling the 


Total 
amount of 
acidalbumin 




peptone. 


precipitate.' 


neutral filtrate. 






Gram. 


Gram. 


Gram. 


Cram. 


A. Tartaric 1 




a27S 


0002 


0.277 


2 




o.z.w 




0.i59 


3 


0.,^' 


O.M? 


0.007 


0.26+ 




1.0 


awe 


0.009 


0.26S 


B. 0»alic 1 




0.ZS7 


0.005 


az6z 


2 




0.266 




0.266 


3 


o.V 


0.Z65 


0.005 


0270 




1.0 


0.264 


0-008 


0.272 






0.274 


0.002 


0.276 


Z 




0.261 


0.002 


0.263 


3 


as' 


0.267 




0.267 


* 


10 


0.264 




a26+ 






0.2&4 


aocH 


0.288 


2 




0-279 


0006 


0285 


3 


0.5 ' 


0.272 


aoo6 


0.278 


4 


1.0 1 a268 


0.006 


0274 


Average (1-4)-^ 




(t)0.S62 


(11) 0.0M 


(111)0.866 


J} 




0.S68 


0.00B 


o.aes 


C 




0.866 


0.001 


0.M7 


D 




0J6T 


0.005 


0.U1 


Average total quantity 


of acidalbumin lost. 033 gm. 


= 10.9 per cent. 




Averagequantityofac 




old), 0.017 gm.= 


12.2 per cent. 


General avEiage ratio. 


I : 11^67 : 1. 






General average for II 


= 1.31 pet cent of the origini 


lubstance and 


1.8S per cent 


of (he gen 


er»1 average for III. 






' See footnote, page 475. 



The percentage of substance recovered on boiling was unusually 
low in this and in the eighth experiment, in which larger quantities 
of acidalbumin were taken, a fact suggesting that the loss is pro- 
portionately greatest with the least amounts of substance.^ 

' See tables, pages 4!J8 antl 490. 
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Eleventh experiment. — The foregoing results show that in these 
determinations a small though appreciable amount of albuminate in- 
variably was lost. The quantity of substance separated on boiling 
was slight and approximately the same throughout. Such differ- 
ences as were perceptible appeared to depend mainly on the quantities 
of albuminate present to begin with. Thus, the proportion of this 
precipitate in the hot fluid to that on neutralization in the cold 
was usually greater the smaller the amount of albuminate originally 
taken. 

This result would indicate that the method of neutralization in the 
cold is the more satisfactory the larger the quantity of albuminate 
involved. On the other hand, because the volumes and quantities of 
acid were uniform in all of these experiments, it might be assumed, 
that the solvent action of the salts formed was much the same, even 
though the amounts of substance used did vary somewhat. For this 
reason, also, the total loss of material noted may have been uniformly 
slight. 

In order to test these points the following special experiment was 
carried out. 

Summary. — 0.5 gm. samples of preparation O- of fibrin albuminate (0.450 gm. 
substance dried at 105° C.) were dissolved in different amounts of y^ 
HCI, varying from 50 c.c. to 800 c.c. The solutions were allowed to 
stand as usual for an hour or two, then were exactly neutralized with 
dilute NaOH, as before, and the bulky precipitate permitted to settle 
until the following morning. Tlie weights of the acidalbumin recovered 
are given below. The filtrates were then brought to the boiling point and 
kept there a moment or two. Kach became turbid. The turbidity was 
least in the smallest volume of fluid and most pronounced in the largest 
quantity. The precipitates soon settled under perfectly clear fluid and 
were easily filtered off, with the gravimetric results appended. 



Volume of 
^z HCI. 


precipitate. 
Gram. 

0399 


Precipitate ohialned on 
boiling the neutral filtrate. 


Total 

amount of 


Total 

quantity of 

substance 

lost. 

Gram. 


Gram. 


Per cent. 


if} 


aoos 


1.1 


0,404 


0046 


100 


0J46 


0.012 


2,7 


0.3.S8 


0.092 


200 


0.34S 


0.014 


3.1 


0362 


0.033 


400 


0312 


003.S 


7.8 


0.347 


0103 


800 


0.303 


OOtl 


9.1 


0-344 


0.106 
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The results of this experiment show quite conclusively that, other 
conditions being equal, an increasing proportion of acidalbumin is 
lost as the volume of neutral fluid (NaCl here) becomes larger. We 
have no doubt it increases somewhat, also, with a rise in the propor- 
tion of saline matter and, vice versa, falls in amount with a decrease 
in the proportional content of neutral salt. Although the albumi- 
nate here was the same in amount throughout the series, an in- 
creasing quantity of coagulum was separable from this neutral filtrate, 
a result still further emphasizing the fact of solubility of acidalbumin 
in cold neutral saline solution. 

Each of the filtrates gave the usual biuret and proteose reactions. 
The increasing loss of acidalbumin above was seemingly due to the 
greater hydration, inevitably induced by boiling, in the larger 
volumes.^ 

In considering the value of this method, therefore, the volume of 
the digestive mixture as well as the percentage content of albuminate 
and neutral salts cannot be overlooked. 

It appeared quite clear from this and each of the previous series of 
experiments that at least a small amount of acidalbumin was soluble 
in the cold neutral fluids containing it. Further, it was impossible 
to recover all of the albuminate used at the beginning of the experi- 
ment. It seemed desirable at this point, therefore, to ascertain 
definitely the solvent power of the various saline fluids made through- 
out these experiments in the process of neutralizing the acids. 

SoIubllltT of aoidalbamlm Im BBlliie solntdons. — In the first of our 
special tests of this matter we ascertained merely the solubility of the 

^ The larger the volume the longer the time required, with a given flame of 
course, to raise the fluid to the boiling-point, and, therefore, the greater the expos- 
ure of the soluble substance to hydrating influence. Some hydration must occur 
before the solution reaches the boiling-point. In all probability the material 
which separates earliest and causes the initial turbidity is hydrated in part as the 
precipitate increases with the rise in temperature. Doubtless some of the mate- 
rial in solution is also hydrated before it can l>e precipitated. Perhaps heating 
to only 70-80° C. would have resulted in diminished loss of acidalbumin. 

It would be natural to Inquire in this connection why. on boiling, a small, 
fairly constant amount of substance usually remained as a coagulated precipitate, 
although hydration of the larger proportion, dissolved in the neutral filtrate, 
invariably occurred. The fact, however, that occasionally no such coagulation 
was observed, although loss of substance occurred, would indicate that all of the 
substance in the neutral filtrate was transformable Into hydration products, and 
that, perhaps, the sameness of conditions attending the boiling process accounted 
for the similarity in the quantitative results. The very short boiling period was 
sufficient now and then to elTect complete hydration of the dissolved residue. 
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dried fibrin albuminate in water and in 0.5 per cent NaCl, with the 
following results. 

Summary (A). — Finely powdered samples of fibrin albuminate of portions 
■ and b, preparation B, were used. 0.2 gm, was weighed for each test. 
This amount, dried to constant weight at 100-105° ^-' "^^ equivalent to 
0.180 gm. for portion a, 0.179 S"^- '*''' portion b. 100 c.c. of fluid mas 
used as throughout all but the previous experiment. The mixtures were 
frequently stirred. They were allowed to sland over night, then filtered, 
etc., as in the previous experiments. 



tiululion u>.e<l. 


Weight of substance recovered. 


Torlion ft. 


Purlior k. 


A. Distilled wal«r a 
b 

Average 


0,17M 

0.1779 

01786 


0.1738 
0.1747 

0.174S 


B. O.S% salt solution a 

AvtT3gt 


0.1767 
0.1701 

0.17M 


0.1663 
0.165S 

0.1659 


Total sutwtance taken in each 
of -* and B 

Average loss in A 
Average loss in J 


0.1M 
0001 

0007 


0.170 

o-oas 

0.013 



On boiling, tbe aqueous filtrates remained clear; but the saline 
fluids became opalescent. Practically nothing seems to have dis- 
solved in water. In salt solution, however, a slight loss resulted in 
each test. Tbe results with water show, if we grant that the dry acidal- 
buinin is practically insoluble in water, that our preparations contained 
at most the merest traces of soluble salts or proteoses^ — obviously 
not in suflicient quantity to account to any extent for the loss of sub- 
stance noted throughout all of our experiments. Consequently this 
experiment is particularly valuable in showing that such disappear- 
ance of substance as has been noted in all our previous tests has 
been due to loss of albuminate itself and not merely to removal of 
soluble impurity. 

' -See footnote, page 476. 
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We next tried the solvent action of the salts formed in the 
neutralization of the various acids previously employed; also the 
solubility in water alone and in water containing peptone. 

Summary (B). — Pre[>aration P of our fibrin albuminate (moist substance) was 
taken. 100 c.c, of various acids used in the preceding cuperiments 
were carefully neutralized to litmus and lacmoid with dilute NaOH. as 
already described. As indicated below, some nf these neutral fluids were - 
thoroughly boiled for a few minutes, without material loss by evaporation, 
for the removal of carbonic acid gas. Weighed amounts of our moist, 
freshly precii)itated acidalbumin were transferred to the neutral fluids 
(the boiled ones had been cooled). The mixtures were repeatedly 
stirred and allowed to stand over night as in all of the experiments. 
At intervals samples from the main bulk of the moist precipitate were 
weighed into crucibles for the determination of dry solid matter, as 
indicated below.' 

It seems obvious, from the results on page 48S, that acidalbumin is 
somewhat soluble in the salts formed on neutralizing acid. fluids for 
its precipitation. Although practically insoluble in distilled water 
the acidalbumin appeared to be slightly soluble in water to which 
proteose and peptone had been added. We are not sure, however, 
that this result is not due to the solvent action of the saline matter 
present as impurity in Witte's peptone. The proportion of the 
amounts which dissolved in the cold neutral saline fluids to the total 
quantities originally taken is slight, however. With more decided 
acidity to begin with, and therefore more salts formed on neutraliza- 
tion than was the case in these experiments, doubtless the more 
decided would be the solution of substance, and the greater the 
quantity recoverable by coagulation. 

The data just obtained also indicate that such slight amounts of 
carbonic acid gas as remained in the fluids on neutralization had 
little or no measurable influence on the results. The proportionate 
amounts of substance soluble in and recovered from the fluids which 
had been thoroughly boiled before the albuminate was put into them* 
and from which, therefore, the carbon dioxide had been removed, 

' The moist substance was kept in a covered morlar. Before each sample was 
removed, the whole mass was thoroughly mixed. Errors caused by the slight 
evaporation of water under the circumstances were thus greatly ninunized, and 
probably made inappreciable. 

^ The second of each series in the summary on page 488. 
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Weight of sub- 




Total 

average 

oTsui" 








Precipi. 






Solution. 




Dry 


Insol- 
uble- 






Ratio 






Fresh. 


(calcu- 


the 51- 


Total. 


of 


lost 






lated). 






b\oii. 


(calcu- 










boiling. 






lated). 




Gm- 


Gm, 


Gm. 


Gm 


Gm. 


Pcrcent- 


Gm. 


1. Dislilled water* 


3.163 


1.232 


(.<) 1.Z184 


{*) none 


1.2184 








3.41S 


1.330 


' 1J397 


none 


1.3397 




0.004 


2. Distilled water with 
















0.5 gm. peptone 


4.ZS0 


1,656 


1.6822 


00076 


1A898 






Disiilled water with 
















1 gni. peptone 


4.4.56 


1,736 


1.7685 


OOIZI 


1.7806 




+0.078' 


3. Chloride 


Z.491 


0.971 


0.7834 


00138 


07972 


176 






3.Z40 


1,262 


1.0552 


0.0066 


1.0618 


0.63 


0,187 


4. Oxalate 


4.-'i74 


1.78Z 


1.57% 


0.0276 


16072 


1.75 






3.178 


1.238 


1.0634 


0.0212 


10816 


1.99 


0.164 


S. Phosphate 


2.701 


1.0.S2 


09008 


0.0152 


0.9160 


1.69 






Z.«2 


0967 


a8618 


00148 


ft8766 


171 


0.113 


6. Tartrate 


2480 


0966 


0.83-'!0 


0.0183 


0.8538 


V& 






2.682 


1.045 


0927.S 


00216 


09491 


233 


0.104 


7. Nitrate 


2.911 


1,134 


1.0176 


0.0168 


1.0344 


1.65 






3A7S 


1.434 


1.3136 


00286 


1.3422 


2.18 


ao9S 


8. Lactate 


3.447 


1J43 


12398 


00124 


1,2522 


1.00 






3.743 


1.4S8 


lJ83i 


a<B20 


1-4054 


l-W 


0.072 


Average* 




1.S31 


(41.0M 


(*) 0.0180 


1-09B 


1.87 


01B3 


Average amount of substance lost ~ 10.07 per cent of that originally taken (average) 


and 1IJ9 per cent of the insoluble portion (average). 


The average amount of precipitate obtained on boiling = 1.47 per cent of the orig- 




insoluble in the neutral fluids. 


Ratio. «:i = 60: 1. 


1 Portions of the moUl substance were taken at the beginning of ihe experiment 


and after the third, fifth, and seventh aeries. The quantities of fresh material used 


for this purpose varied between 1.7334 and 3.9908 gms. The percentages of dry 


matter were found to be 38.38, 38.97, 39.20, and 39.29. See footnote, page 476. 




before receiving Ihe albuminate. 


* This figure represents a gain of substance ; peptone not completely washed out- 


See page 479, 


* The averages do not incinde the figures for the iirsl two pairs of determinations. 



„Goog[e 



The Quantitative Determination of Acidalbumin. 489 

were slightly greater than the others in some cases, but the same or 
less in others. 

The results above likewise show an appreciable loss of substance 
even after the addition of the precipitate obtained from the boiled 
filtrate to that previously filtered off. This loss is doubtless due to 
formation of proteose in the process of boiling, as seems to have been 
the case in all of our previous experiments. It will be seen from the 
tabulated data, that this loss occurs in alt of the tests, excepting the 
water alone and the water with peptone. The actual increase in 
amount recovered in the latter case is very probably due to adherent 
peptone which was very difficult to wash completely from the bulky 
precipitate. Since, also, the amount of solid matter in each quantity 
of the moist precipitate was calculated from special determinations of 
the dry substance contained in the fresh material, and not ascer- 
tained directly, we cannot lay too much stress upon it. All the 
results for "dry substance taken" may be a little high or low 
by reason of the unavoidable errors which usually accompany 
calculated data under such conditions, no matter how careful the 
experimenter may be to attend to every detail of manipulation in 
the comparative determinations. That appreciable loss occurred 
as usual, however, was clearly shown by the proteose content of 
the final filtrates. 

The greatest losses appear, from the figures, to have been asso- 
ciated with the chlorides and oxalates. In our previous experiments, 
also, we noted that the biuret reactions in the final filtrates were 
usually strongest in the chloride and oxalate fluids. 

III. General Summary of Results. 
The table on page 490 summarizes the more important average 
data of nearly all of our experiments, 

IV. Summary of General Conclusions. 

We conclude from these experiments that acidalbumin may be 
almost completely precipitated from acid digestive mixtures at ordi- 
nary temperatures by careful neutralization. The later stages in the 
neutralization process should he conducted with particularly dilute 
alkali. 

The absolute quantity of acidalbumin remaining in such fluids after 
neutralization in ordinary experiments is small, its proportion to the 
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main bulk of the albuminate depending largely on the amount ot the 
latter, also on the volume of the fluid containing it and on the per- 
centage of associated saline matter. 

Some of this residual portion of acidalbumin may be obtained on 
boiling, although in this process the larger part, sometimes all, is 
retained permanently in solution, apparently because of its hydration 
into noncoagulable forms. 

Proteoses and peptones, even when admixed in comparatively large 
proportion, do not materially affect the quantitative separation of 
the albuminate. 

Neutralization at the boiling point does not insure the greatest 
quantitative precipitation of albuminate because of the increased hy- 
dration thereby resulting. The largest yield is obtained by neutral- 
izing in the cold, heating the neutral filtrate and combining the two 
precipitates. 

Acidalbumin, particularly that formed through the action of pepsin 
on fibrin and in the freshly precipitated condition, is somewhat sol- 
uble in various saline fluids. 

The sodium and potassium salts formed on neutralizing various 
common acid solutions appear to exert approximately equal quan- 
titative solvent action on the contained albuminate. Only insignifi- 
cant differences in solvent power were noted. 

Such quantities of carbon dioxide a.s are present in fluids neutralized 
with freshly prepared solutions of potassium or sodium hydroxides 
containing ordinary, minute amounts of carbonate, do not appear to 
materially affect the quantitative separation of acidalbumin by the 
neutralization process. 
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